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CHATS WITH THE EDITOR 


A! SOME time or other, almost 
| everyone has occasion to “‘keep 
books”, even if he does most of his 
personal accounting in the form of 
checkbook stubs. Any business, large 
or small, is called upon these days to 
furnish figures to federal and State 
officials in connection with the collec- 
tion of income taxes and other revenue 
items. A complete knowledge of ac- 
counting procedures is the subject of 
many years of close study, leading 
to récognition as Certified Public 
Accountant. 


Jn this issue of Practica, MATHE- 


-MATICS, it is not our purpose to. 


attempt to provide a complete course 
in accounting, but rather to set forth 
‘the dependence of accounting upon 
mathematical formulae and pro- 
cedures.: As a certain amount of 
accounting theory is necessary in 
order to ‘understand the precise way 
in which these formulae are called 
into play, however, we do discuss 
some of the theoretical bases for the 
use of formulae. 


a Ine actual: practice, a- great. deal 

of bookkeeping may be performed 
_ with only a knowledge of the funda- 
= mental operations — addition, sub- 


7 ... traction, multiplication, and division. 
~: Ft 1s, as the reader will soon discover, 


a matter of “simple arithmetic’. 
Confining one’s efforts to these simple 
processes, nevertheless, often entails 
prolonged .computations which may 


' be shortened by the use of various 


tables and devices which take the 
heart-ache and the chance of human 
fallibility out of the operation. 


Several times in the earlier issues 
of Pracrica, Maruematics, we have 


r 





stressed the. importance of careful 
arrangement of the computations. 
Nowhere is this more important than 
in the field of accounting, where 
careful attention to the placing of 
figures in well-ordered. columns, with 
proper spacing, is vital to the carry- . 
ing through of a problem to its 
completion. The student will do well 
to acquire regular bookkeeping paper, 
ruled for ledger, journal, etc., like the 
samples which are printed in connec- 
tion with solutions to various illustra- 
tive examples and problems. Failing 
this, it is worth the time spent to 
rule up the’ forms before beginning 
to set down the work. When using 
the typewriter for presenting the 
final figures, as in other examples © 
shown, one should use care in spacing 
the columns properly and in making 
the proper indentations to indicate 
the relative importance of the items. 

As shown in the early part of 
Dr. Wright’s article, a review of the 
information contained in Issue Num- 
ber Two of Practica, MATHEMATICS, 
especially the section on ratios and 
percentages (pp. 72-77, and 83-87) 
will be. a great help toward under- 
standing the procedures in account- 
ing. At various times when compli- 
cated. multiplications and divisions 
are demanded, the reader who has 
really mastered the ability to use the 
slide rule (pp. 101-114) and the 
logarithm tables (pp. 88-100, 126, 
127) will find that his time has not 
been wasted. Here, perhaps as much 
as anywhere else in the applied- 
mathematics field, he will have occa- 
sion to utter thanks for having 


‘grounded himself well in the mastery 


of these tools of the trade. 
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Elementary as it may seem, the 


reader of this issue must be sure. 


that he knows his right hand from 
his left. I am reminded at this point 


-of the story of the sergeant drilling a 


bunch of rookies who was disgusted 
because many of the new recruits 
did not possess this knowledge. He 
proceeded to have: each man tie a 


-bunch of hay to the left foot and a 


bunch of straw to the right foot, thus 
giving rise to the once-familiar march- 
ing order, “Hayfoot, strawfoot’’. In 
his section on the rule of debit and 


credit, Dr. Nelson emphasizes the 


fact that debit items are placed on 
the left-hand side of the account, 
while credit items are placed on the 
right-hand side. Remembering the 
lengths to which Dr. Graves went in 


‘Issue Three (pp. 1694.) to help us see 


that the algebraic equation must be 


‘kept always in balance, we can appre- 


ciate somewhat more the careful bal- 


ance which is always necessary in- 
accounting. For every item appear- 


ing on the debit side of an account, 
there must be a corresponding entry 


on the credit side. Dr. Nelson helps 


us to understand this by showing the 
close correspondence of debit and 
credit to plus and minus. 


All of the formulae proposed by 


the three authors in this issue are 
capable of being resolved by the same 
processes as have been stressed in 


Issues Three and Four, dealing with 


algebra. To understand the steps by 
which these equations are trans- 


formed, the reader will do well to 


review the articles by Dr. Graves, 


Dr. McGiffert, Dr. Dines, and the 


editor. In many instances, particu- 
larly in the lengthy transformations 
necessitated in the latter part of 


Dr. Nelson’s article and in the article. 


by Dr. Lockwood, we have merely 
indicated the steps which are to be 
taken, assuming on the part of the 
reader the ability to take the inter- 
mediate steps for himself. | 
The comparison used by Dr. Nelson 


in showing the correspondence among 
the various methods by which depre- 
ciation may be figured. (pp. 1037- 
1048) is particularly interesting in 


that he shows how these methods may - 


be reduced to a common equation 


through the use of the differential. 


calculus. A comparison of the several 
tables of depreciation with the dia- 
gram on page 1046 will well repay the 
reader. Incidentally, you may- be 
interested to know that. Dr. Nelson 
spent the better part of two days in 
computing the data on which the 
diagram is based. For each of the 


unassuming lines depicted, there were . 


necessitated month-by-month compu- 


tations for the period of 10 years 


involved—120 computations for each 
of the four lines, or 480 in all. To 
appreciate the -fne points in Dr. 
Nelson’s exposition, the reader should 
review the treatment of differentia- 
tion in Dr. Wiener’s article (pp. 468- 
416). 


The discussion of the break-even 
point by Dr. Lockwood again calls 
for an understanding of the method of 
figuring percentages. Since the figures 
involved are large, recourse to the 
slide rule or to logarithms in per- 
forming the necessary divisions is to 


be recommended. Indeed, there are’ ` 


few steps in the -mathematics of 
business where a knowledge of how to 
use the slide rule will not be found of 
gteat assistance in obtaining quickly 
and easily the approximate answers 


desired. 


While it must be admitted that the 
accountant, in performing the calcu- 
lations necessary to a solution of a 
given problem, does not always say to 
himself “Now I must use some arith- 


metic; here is where I need some. 


algebra; this is a place where I must 
employ the calculus’, the reader will 
readily see that the employment of 
the various branches of mathematics 
becomes second nature to the expert 


and he automatically switches from . 
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one field to another as the need arises. 
In actual practice, the accountant 
turns to a table in which the solutions 
have already been worked out and 
sratefully makes use of the findings 
without having to go ‘through the 
intermediate steps. Even though he 
takes such a shortcut, he is doing so 
because he already understands the 
general principles which allow him 
to do so. 7 


One might expect that accounting 
is a very exact form of mathematics. 


We often are amused when we hear of 


a bank staff kept long after hours 
unwrapping roll after roll of dimes to 
try to discover which package con- 
tained one too many or one too few 
coins. We know that the books of a 
bank must be made to balance 
exactly at the close of each day’s 


| business. 


Guided by our authors, however, 


-we discover that there are innumer- 


able points in the field of accounting 


where approximations are brought 


into play. As Dr. Wright points out 
in his discussion of weighting 
(p. 1067), perhaps no two accountants 
would be in complete agreement as to 
the exact weights to be apportioned 


to various items, so that no two 


would come out with exactly the 
same advice after being called into 
consultation in a given case. 


“In the solution of some of the 
problems in this issue, the reader 
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may discover that his final answer 
varies by a cent or two from that 
reported by the authors. This may 
be due to the method used or the 
tables employed in arriving at the 
solution. As we have already sug- 
gested in connection with the work 
on logarithms and the problems in 
Issue Number Fifteen (insurance), 
employment of tables having one or | 
two more or fewer figures than those 
supplied in the text may lead the 
solver to arrive at a slightly greater 
or less degree of accuracy. Even in 


the problem of computing interest, 


as Dr. Nelson points out in his dis- 
cussion (p. 1016), one may have a 
choice of the method to be used. The 
answer will differ slightly depending . 
on whether one takes a 365-day year — 
or approximates with a 360-day year 
(based on 12 months of 30 days each) 
or resorts to any one of the formulae 
proposed for ready solution of the 

problem. : 


In all three of the articles in the 
present issue, names of individuals 
and. of corporations have been used 
to give added clarity and reality to 
the situation. It should be under- 
stood that all of these are fictitious 
and that any resemblance to persons 
living or dead is entirely accidental. 
There is no thought, either on the 
part of the authors or of the publisher, 
to advertise or to call attention to the 
solvency or business operations of 
any actual concern. 


ABOUT OUR AUTHORS 
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ber of the faculty of the school, his 
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as a teacher of accounting, and has 
served also as consultant in various 
‘enterprises where expert advice in 
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tion, he has contributed articles to 
technical journals of accounting and 
has served on committees of national 
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University of Pennsylvania, the 
American Accounting Association, and 
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At various times, Dr. Wright has 
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College and for the Bell Telephone 
Company as well as for the Evening 
and Extension Schools of Accounts 
and Finance of his university. For 
several years, he served also as 
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writing of reports for the university’s 
Industrial Research Department. Our 


- readers will be interested to know 
that Dr. Wright has acted as a. 


special examiner .for the United 
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connection with examinations for the 
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Dr. Wright is a member of Beta 
Gamma Sigma, the honorary scho- 
lastic fraternity in his field, and is a 


co-author of a textbook, Interpreta- 
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EREMIAH LOCKWOOD, an- 


other native of Philadelphia, also 
received the degrees of Bachelor of 
Science in Economics and of Master of 
Arts from the University of Pennsyl- 
vania. In addition, he is licensed as a 
Certified Public Accountant by the 
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been elevated to the rank of Professor 
of Accounting in 1939, and has taught 
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him with the delegation of important 
committee tasks almost continuously 
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the National Association of Cost 
Accountants, the American Account- 
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- THE MATHEMATICAL BASIS OF ACCOUNTING - 
en a! By Oscar S. Nelson, Ph.D. 


| ACCOUNTING may be defined as the art and science of (1) re- 


‘cording, (2) presenting, (3) interpreting, and (4) projecting the 
financial facts of an enterprise. Its objects are accomplished through 
the use of business papers, journals, ledgers, statements, analyses, 
and budgets. The science and method of mathematics is used through- | 
out accounting. Since accounting deals with quantities and money 
values, arithmetical computations are everywhere necessary. Alge- 
braic equations and formulae are used in maintaining the equilibrium 
of accounts, in valuing assets, in computing liabilities, and in deter- 
mining income and expenses. Even analytic geometry and the calculus 
are employed in analyzing and presenting accounting data and in 
making cost.computations and budget estimates. 


ACCOUNTING ST ATEMENTS| Before proceeding very far with 
AND EQUATIONS the subject of accounting, the 
i reader will need to understand the 


various types of accounting statements and equations and the rela- 
tionships which exist among them. 





The balance-sheet equation 


True to its origin in mathematics, modern accounting is based upon 

a mathematical formula, the balance-sheet equation, developed as 
follows: | 

= Ata given moment of time, 

Let. =the total value of all assets the legal title to which is vested in 
| the proprietor or owner of a given enterprise, | 

_ L=the total amount of all liabilities or legal obligations of the pro- 

 prietor or enterprise, 

= C=the net amount of the capital investment of the proprietor (net 

worth, capital, net capital, and proprietorship are synonymous 

terms denoting the owner’s equity in an enterprise at a given 


time); fe 

Then 4—L=C (assets—liabilities = capital) | 2p ha 
or A=L+C (assets=liabilities+capital) — / Ib 
or L=dA—E€ (liabilities = assets — capital) | Ic 


or  C=A-L (capital=assets—liabilities) ; Id 
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No matter which form of the formula is used, the result is an alge- 
braic equation of the first degree. The. equation can be solved in. call 
cases where there is only one unknown. 


The truth of the eae nen is best demonstrated by the fourth form, 
Id, (C=A—L). 


Lllustrative Bio: 


A grocer, John Smith, owns and operates his own store. He began 
business at the beginning of the current year, when he paid $10,000. 00 
for the store land and building, $2,000.00 for the fixtures and equip- 
ment, and $3,000.00 for his stock of groceries. As he did not have 
enough money to pay for everything outright, he signed a mortgage 
on the store in the amount of $5,000.00 and asked the wholesaler to 
trust him to the extent of $1,500. 00 on his purchase of groceries. After 
all of the arrangements stated above had been made, John Smith had 
$800.00 left in his bank account, which he decided to devote to the 
business. What was John Smith’s net capital at the time he began 


business? 
Formula Id: C=4—-L 


Ai (total assets): | | L (total liabilities): 


Land and building $10,000.00 Mortgage payable $5,000.00 

Store fixtures and equipment 2,000.00 Accounts payable _ 1,500.00 

Inventory of merchandise , ~ $6,500.00 

(Stock of groceries) 4, 9,000:00 | : o = 
Cash in bank 800.00 
$15,800.00 


Substituting in formula: 


C=$15,800.00 — $6, 500. 00 =$9,300.00. | 


“Theréfore, John Smith’s net capital was $9,300.00 when he Regen busines: 


The accountant presents accounting data such as these in the form 
ofa balance sheet, which embodies the above equation, but in form Ib, 
(4=L+C). The ‘balance sheet of John Smith as of the date he began 


business is presented in Fig. 1. 


JOHN SMITH, Proprietor 


Balance Sheet as of January 2, 1944 


ASSETS LIABILITIES AND CAPITAL | 
Cash in bank ; $ 800.00 Accounts payable $ 1,500.00 
Inventory of merchandise 3,000.00 Mortgage payable 5,000.00 
Land and building 10,000.00 Total liabilities © $ 6,500.00 
Store fixtures.and z John Smith (Capital) 9,500.00 ~ 
equipment 2,000.00 Total liabilities and 
Total Assets $15,800.00 capital _ $15,800.00 | 
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The form of the balance sheet is the accountant’s way of expressing | 
‘the mathematical equation, Ib (7 =Z+C), without the necessity of 
using the customary mathematical signs. 

= The balance sheet of a partnership and the balance sheet of a 
corporation both differ from the statement shown in Fig. 1 in the 
manner of setting forth the capital. Instead of having the, item, 
“John Smith (Capital) $9,300.00’, a partnership, since it would have 
at least two proprietors, would have to have at least two capital 
accounts. On a partnership balance sheet, therefore, the capital 
might appear asin Fig. 2. - | 

_ For a corporation, there would > 

be a surplus account, containing Wet worth: 

the accumulated profit, and a John Smith 


capital stock account, containing  ,, (Capital) $6,200.00 
; ; et ae Richard Brown 
the invested capital. Since a cor- (Capital) 4,100.00 $9,300.00 


poration is usually larger and 

requires more capital, bonds pay- 

_able rather than mortgage payable 

would appear as a liability. Furthermore, the capital structure usually 

is more complicated than is indicated by the balance sheet shown above. 
Fig. 3 is an illustration of the balance sheet of a corporation. 


Fig. 2 


TEST YOUR KNOWLEDGE OF THE BALANCE-SHEET EQUATION 


-1 Harry Johnson paid $20,000.00 for a completely-equipped dairy farm. In 
part payment, he gave a $9,000.00 mortgage on the farm. He has $100.00 
cash in the bank. What is the amount of his net capital? l | 


2 George Marshall’s total assets are $50,000.00 and ‘his net capital is 
$35,000.00. What is the total amount of his liabilities? 


3 Howard Wilson lost his record of his assets. His net capital is $25,000.00 
and his total liabilities are $20,000.00. What is the total value of his 


assets? 


4 From the following facts taken from the books of the Distilled Beverages | 
Corporation, compute the net worth as of December 31, 1943. Also 
prepare a balance sheet: 


Accounts and notes Land, buildings, and 


receivable $ 4,865,000.00 equipment $11,575,000.00 
Accounts payable - 583,000.00 Marketable securities 123,000.00 
Accrued wages; interest, Notes payable 2,050,000.00 
and taxes > 764,000.00 Prepaid insurance 
Bonds payable 3,954,000.00 remiums 394,000.00 
Capital stock, common = 2,500,000.00 Other current 
Cashes (ote 2,042,000.00 liabilities 20,676,000.00 
Inventories 14,856,000.00 Surplus 3,328,000.00 


_ § William Brown, a dentist, rents office space in the center of the city. 
His dental equipment, which is practically new, cost him $3,000.00. He 
has mop on hand costing $400.00, his patients owe him a total of 
$600.00 for dental services rendered, and he has $1,200.00 cash in the 


bank. He owes no bills. What is the amount of his net capital? 














t 





996 > PRACTICAL MATHEMATICS 





Palast ates ele eles 


ANene Assela: | ATE TET TEETE 
pee o E 
_|Reernnto rescpvagle I | adolddod || T] 
[Yrarterabee Jeees | | Vsoddasded TT 
A Arnet | a. E | eaaa kko 
EEEO S E EEE 

Klanty ,maebanera] eten | MUTT l hidooboddso 

a ee nes E a e a T Rs OUNCE Ui 

Ohi lansa | O A TE polo 

: e Do Fa pring adn 
—} e PEREREWUEE Toe 

Potato [es a ee toe mele aA ERE ERRUER Taal 

(ne ae re ome sacar in Seger Nae esa ene SHube 

Tee ee —— FH bed 

Ea oe a ET UU mew anaei 

Fig. 


The income-statement equation 


A second accounting equation of equal importance to the balance- 


sheet equation is the income-statement equation, which is employed . 


to determine the operating results of an enterprise over a period of 
time. If an enterprise is operated for profit, it is advisable to keep 
records showing the various sources of income and the various expenses 
incurred. The income-statement equation may be developed as follows: 
For a given period of time, 

Let I =the total income of an enterprise from all sources, 

E =the total expenses and losses of the enterprise, 

P=the net profit; 
Then P=I[—E. : II 

In this equation, P is the dependent variable and J and E are inde- 

pendent variables reflecting the results of operations over a period 
of time. 


Illustrative Problem 


To illustrate the value and use of this equation, we assume a set 
of facts: Leon Bulen is a lawyer. During a given year, his fees from 
clients totaled $8,600.00, his income from investments totaled $1,500.00, 


-and his commissions for collecting rents, etc., amounted to $800 00. 
His year’s expenses were: office rent, $800.00: stenographic salaries, 


a a tN tt A a i = Tisa i naia a aa a a 








ACCOUNTING 2g 





Perai Gare 
Sieynkesi Bl, 1943 
















nen CAD 
Ez Dindines s 
dee 
ms 
Er 
SAE idoa gaea HHHH 
oid paea 
ER aud Žž £ HEE PAE HT EA 
| |Cajetal su | ool LUTTE AEE 
| | otal curl 4 _____]_éteeredon si eseeecd oo 
ES oe ee eae Cee en eee EES PL 
ree A T | esy ee ope. se: 
$$ $$ $$$ HHH} FH 


oe 
$480.00; and me expenses, $200. 00. What was the amount of his 


net income? 
Income statement equation II: P=J—E 


I (Total income): E (Total expense): 
Attorney fees com = 8,600.00 . “Office rent - $ 800.00 
- Income from investments 1,500.00 Stenographic salaries 480.00 
Commissions 800.00 Office expenses 200.00 
| : $10,900.00» $1,480.00 


: - P= $10,900.00 — $1,480.00 = $9,420.00. * 
Therefore, Mr. Bulen’s net profit for 
the year was $9,420.00. _ LEON BULEN 
: The accountant © would present Income Statement for the year 1943 | 
this. information — in. the form of anced ton 


an non statement, K shown i 1n Attorney fees $8,600.00 
Fig Income from 
8- 4. investments 1,500.00 














eS A slightly. different form -of | <comissicas 800.00 $210,900.00 


income statement is prepared for Operating. expenses: 


a store owner or: manufacturer. et etéchanuic $ 800.00 


Fig. 5 is illustrative. ~~ : salaries 480.00 

It should be noted: again that °ffioe expenses _ Z00002 -1480.00 
the accounting statement is in 
such form as to reveal the im- 
: portant facts in a clear and concise manner and that no mathematical 
notations are used but, nevertheless, are understood to apply. 


Net profit $ 9,420.00 
pone ae smn vana 
Fig. 4 
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TEST YOUR KNOWLEDGE OF THE INCOME-STATEMENT EQUATION 


6 Walter Johnson, an insurance agent, received a total of $3,162.00 in 
‚commissions during the year. He also received $512.00 as interest on 
securities owned and $480.00 as rent on a house he owns. His expenses 
were: office rent, $300.00; stenography, $260.00; and traveling, $625.00. 
What was his net profit, computed on a cash basis? : 

7 C. W. Hammer, the owner of a hardware store, wants to know what his 
net profit was for the year just closed. i 
He also desires an income state- 


ment to show his bank. The facts H. J. WALKER 


are as follows: 
Cash discount on purchases $ 6,570.00 mcome Statement for the year 1943 
Cost of merchandise sold 279,802.00 


: Sales $ $100,000.00: 
Operating expenses 62,813.00 eddie 
Sales 348,000.00 Cost of goods sold 75,000.00 


| Gross profit on sales - $ 25,000.00: 
8 C. W. Hammer now wants to be operating expenses: f 


shown how the cost of merchandise Selling expenses $11,000.00 
Administration 


sold was computed from the fol- expenses 8,000.00 19,000.00 
lowing information: ` AONE Soph eae tO or oe SE EES 
Inventory of on sales $ 6,000.00 
merchandise; 171 $ 76,000.00 Income from investments 500.00 
Purchases of merchandise 275,000.00 may E 6,500.00 
Returned purchases ` 10,000.00 Interest on mortgage 2,000.00 
Inventory of Net profit $ 4,500.00 
merchandise, 12/31 66,198.00 peewee 
Freight, parcel post, and Fig. 5 
express on purchases 5,000.00 ; ? 
9 The Sanitary Beverages Corporation submits the following facts for the 
year 1943: 
Cost of goods sold _ ,$14,575,000.00 © Other income $ 187,000.00 
Interest expense 1,336,000.00 Operating expenses — 40 ,804,000.00 
Income taxes 263,000.00 Sales f - 58,102,000.00 


Compute the amount of net profit and present the facts-in the form of 
an income statement. : 


The proprietorship equation 


In a balance sheet, the balancing figure is the amount of net worth 
or capital of the enterprise. The amounts of the various assets and 
liabilities are first set forth and the amount of capital computed 
according to the balance-sheet equation, Ib, (7=L+C). It is evident, 
then, that C varies and depends upon 4 and L. As 4 tends to increase 
or L tends to decrease, C tends to increase, and vice versa. Changes 
in assets and liabilities, therefore, are reflected as changes in capital 
except to the extent that they offset each other. Financial’ trans- 
actions cause changes in assets and liabilities and, hence, sometimes 
cause changes in capital. It is the changes in capital that we intend 
to analyze here. What kinds of transactions cause the amount of 
capital to increase and what kinds cause it to decrease? Four types 
of financial transactions and only four result in a change in capital: 


a The investment of additional capital in the enterprise by the proprietor. 
Such a transaction results in the increase of one or more assets; hence, 
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© an increase in total assets without an offsetting increase in liabilities. 
Capital, therefore, is increased. ae 

b The withdrawal of cash or other assets from the enterprise for the personal 

use of the proprietor.: Such a transaction results in the decrease of one 

- or more assets; hence, a decrease in total assets without an offsetting 

decrease in liabilities. The amount of capital, consequently, is decreased. 


c The sale of merchandise or other assets for an amount greater than cost 
or the earning of some other type of income. Such a transaction results 
in the increase of assets or the decrease of liabilities by an amount greater 
than any offsetting changes in assets and liabilities. The net result 
must, therefore, be an increase in capital, because the equation, Ib, 
A=L-+-C, always holds. 

_d The incurring of an expense or loss. This type of transaction results 
in the decrease of assets or the increase of liabilities (or a combination 
of both) by an amount in excess of any offsetting changes in assets and 

 jiabilities; hence, capital decreases by that amount. 


As the types of transactions described under c and d usually are 
summarized in an income statement, their effects on capital are com- 
bined into a net figure. It may then be stated that the net profit 
or the net loss of an enterprise for a given period, in the absence of 
other changes, results in an increase or a decrease in capital by the 
amount of the net profit or loss. Except for the net profit or net loss 
shown by the income statement, therefore, the only changes in capital 
from one balance-sheet date to another are those resulting from the 
additional investments and withdrawals of the proprietor. 


The proprietorship equation may now be stated: 


capital (end of previous period)-+additional investments— withdrawals 
+net profit (or—net loss) = capital (end of current period). Ii! 


Illustrative Problem 


Harvey Long is the owner and operator of a sawmill. His capital 
investment in his business on December 31, 1942, as shown by his 
balance sheet, was $25,264.23. During the ensuing year, he made 
withdrawals of cash for living exenses amounting in total to $3,215.80. 
On October 15, 1943, Mr. Long received title to a tract of timber 
land under the terms of his father’s will. The tract had been purchased 
a year earlier at a cost of $10,500.00. Mr. Long’s net profit for the 
year, 1943, as revealed by his income statement, was $2,967.11. Com- 
pute the amount of his capital on December 31, 1943. 


| $25,264.23+$10,500.00 —$3,215.80-+$2,967.11 = $35,515.54. 
_ Therefore, the capital of Harvey Long on December 31, 1943, is $35,315.54. 


The same amount would result from the independent computation -of 
Mr. Long’s capital on December 31, 1943, by using equation Id, (C=4—L). 

The above facts and computation are best set forth in an accounting 
statement entitled “Statement of Proprietorship”. It is prepared in the 
form shown in Fig. 6. | : 








i 
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The statement of proprietorship shown in Fig. 6 is that of a single 
proprietor. If prepared for a partnership, the same information 


must be given for each partner HARVEY LONG 


and a tota oium 
d a totas column also should  seatenent of Proprietorship, 1943 


be provided. 
If the information given in Capital balance as of 


sae ; 12/31/42 5,264,23 
this illustration represented the aassichar Ge pete BER een ss 
total figures for a partnership $35,764.23 
in which three partners are/inter- “+th¢rawals 2921090 
| f ; $32,548.43 
ested, the statement of proprie- net profit 2967.11 
torship might be as illustrated in capital balance as of 
Bien 12/31/43 $35,515.54 
Fig. 6 


A corporation, on the other | 
hand, does not prepare a statement of proprietorship in the form of 
Fig. 7. As indicated earlier, the net capital of a corporation is made 


EVANS, PALMER & DOYLE 


Statement of Proprietorship for the year 1943 





y 
Totals 





Capital balances, 12/31/42 25,264.23 12121.15 8,417.18 4,725.90 


Additional investments 10,500.00 2,500.00 3,750.00 | _ 4,250.00 

ce 35,764,25 | 14,621.15 | 12,167.18 8,975.90 

Withdrawals 3,215.80 1,000.00 1,100.00 | _1,115.80 

| l 32,548.43 | 13,621.15 | 11,067.18 7,860.10 

Net profit 7 - 2,967.11 989.04 989.04 989.03 

Capital balances, 12/51/43 So crares 14,610.19 : 12,056.22 8,849.13 
Fig. 7 aN 


up of capital stock and surplus. Since capital stock ordinarily does 
not change in amount each year, it is customary to prepare only a 


statement of surplus to accom- LONG and COMPANY, tne. 


pany the balance sheet and in- 


come statement. If there is a Statement of Capital Stock, 1943 
change in capital stock during a capital stock, 12/31/42 $22,500.00, 


given year, however, a separate Capital stock issued 


during year 10,500.00 
statement should be prepared too. oitay stock, 12 /31/48 557660 Co 
show such change. = 

Assuming that a corporation ‘Statement of Surplus, 1943. 
has ‘the ‘net. worth: indicated in ‘p.; ance of surplus, | , 
the two illustrations above, state- 12/31/42 $ 2,762.23 
ments of capital stock and surplus, ‘et profit, year 1943 2,987.11 
f. h f, $ GER, g $ 5,729.34 
alter the form” o Ig. are Dividends declared 3,215.80 
required. The net worth of the Balance of surplus, pleas 
corporation is the sum of its 12/51/43 EAER 


capital stock and surplus. | Fig. 8 


*Figures used in all cases are illustrative only 
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TEST YOUR KNOWLEDGE OF THE PROPRIETORSHIP EQUATION 


10 On January 2, 1943, William Watson began business with an investment 
of $10,000.00. During the ensuing year, he made no additional invest- 
ments in the business, but withdrew $3,000.00 for personal use. His net 
profit for the year was $5,000.00. What was the amount of his net 
capital on December 31, 1943? | | 


11 Lawrence Brown had a net worth of $15,000.00 on December 31, 1942. 

- He made no withdrawals during the year, but invested $4,000.00 addi- 
tional in the business. He had a net loss for the year of $2,000.00. What 
was the amount of his net worth on December 31, 1943? oe 


12 John Wilson and George Wilson are partners. On December 31, 1942, 


their balance sheet showed net worth as follows: 


John Wilson (Capital) - $20,000.00 
George Wilson (Capital) 10,000.00 $30,000.00 


During the year, 1943, they made a profit of $5,000.00, which they 
shared equally. John Wilson withdrew $3,000.00 from the business 
during the year, and George Wilson made an additional investment of 
$2,000.00.. The net worth of the business on December 31, 1943, was 
$34,000.00. Prepare a statement of proprietorship for the year. What 
was the net capital of each partner on December 31, 1943? | 


13 The Weaver Machinery Corporation had a surplus of $150,000.00 on 
December 31, 1942. Its income statement for the year, 1943, showed a 
net profit of $15,000.00. Dividends of $10,000.00 were declared and paid 
during 1943. (a) What was the amount of surplus on December 31, 1943? 
(b) What was the surplus on December 31, 1943, if the income statement 
showed a loss of $5,000.00 instead of a profit of $15,000.00? Prepare 


a statement of surplus in each case. 


THE INTERRELATIONSHIP OF ACCOUNTING STATEMENTS 


The balance sheet, the income statement, and the proprietorship 
statement are interrelated. The capital balance as shown by the 
_ balance sheet is the same amount as that shown by the proprietorship 

statement as of the same date. Also, the net profit in te income 
statement is the same amount as that included in the proprietorship 
statement for the same period of time. Since the three statements 
may be prepared independently of each other from the accounting 
data supplied by a set of books properly kept, the accountant may — 
prove his work by noting whether the amounts indicated above are 
in fact in agreement. Furthermore, if some of the required facts are 
missing from the books, it may be possible to supply the deficiency by 
making use of the principle of interrelationship here set forth. 


For example, a certain proprietor may have neglected to keep an 
adequate set of books and may lack the information necessary to 
prepare an income statement. He still can compute the amount of 
his net profit or loss for the current year, provided he can obtain 
certain key facts. 3 : 
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Illustrative Example 


Gordon D. Tupper began business a year ago with a cash investment | 


of $6,000.00. During the year since then, he paid living expenses 
of $2,500.00 but made no additional investments in the business. His 
bank account shows a present balance of $400.00 and he owes unpaid 


Gordon D. Tipper, Pop 
Bealanee /Keet as of December 3/, 1943 
_ aaeh TU ekléesrond bopita HII 
Caste Had ec eoruni agableo 1 aide 


gpen Lag J| | [sh5iAst oe 





Less dewwecation 295.00 | eji TT 
| | ee eee a 


aed B77 
Cee ee a E 
Fig. 9 


bills totaling $900.00. An inventory of the merchandise now on his 
shelves reveals that he has on hand merchandise which cost him 
$3,600.00. He also owns the store fixtures and equipment, which he 
purchased for $2,750.00 but which he estimates will be worthless 


at the end of 10 years. Can he GORDON D. TUPPER 


determine the amount of his net Deh oe OS ee 
} ro : > 
profit or net loss for the year? Statement of Proprietorship, 1943 


a First, he should prepare a balance Capital balance, 1/1/42 $6,000.00 
sheet as of the close of the current Withdrawals eee 
- year, as in Fig. 9. Net profit 2,075.00 


-b Next, he should prepare a state- capital balance, 12/31/43 $5,575.00" 
: ; =e 


ment of ErOpnerorsiup for the year, Fig. 10 
Ig. 


as in Fig. 10. 


c It is now evident that he made a profit of $2,075.00 for the year, since 
it was necessary to add that amount in the proprietorship statement in 


erder ae at OME ance SET a/ai BALANCE SE w/e 
ance assets®liabilities+ capita assets=liabilities+ capit 

55 575.00 which was : oo ee 
revealed by the balance PROPRIETORSHIP STATEMENT, 1943 
sheet. : \ capital balance, 12/31/42 

The interrelationship et dee 

of the balance sheet, the +net profit (or - net loss) 

income statement, and = capital balance, 12/31/43 

the proprietorship state- INCOME STATEMENT, 1943 

ment is illustrated in income 

Fig. 11. -expenses and losses 

The interrelationship =net profit (or net loss) 


of these three statements , Fig. 11. 


is the same in principle for the three types of business ownership: 
the single proprietorship, the partnership, and the corporation. For a 


. 


mn 
a 
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partnership, the capital balances, the additional investments, and 
the. withdrawals are set forth separately for each partner. For a 
corporation, the capital balances are made up of capital stock plus 
surplus; new capital stock issued constitutes the additional invest- 
ments; and the amount of dividends declared and paid constitutes 
the withdrawals. 


TEST YOUR KNOWLEDGE OF ACCOUNTING STATEMENTS 


14 Wallace Jones does not keep a complete set of books. He wants to know 
if his net profit or net loss can be ascertained from the following facts: 

net capital, 12/31/42, $22,000.00; net capital, 12/31/43, $25,000.00; 
_ withdrawals, $3,000.00; additional investments, $1,000.00. Can his net 

profit or loss be computed? If so, what is its amount? 

15 Howard Walker made no additional investments of capital in his busiiese 
‘and withdrew no funds during the year, 1943. On December 31, 1942, his 

assets and liabilities were $100,000.00 and $40,000.00, respectively, 
while on December 31, 1943, they were $110,000.00 and $42,000.00. 
What was the amount of his profit for the year? 

16 The business of Frank Davidson made a profit of $13,000.00 for the year. 
His withdrawals were $9,000.00. The business is now worth $58,000.00. 
What was it worth a year ago? 

17 The partnership of Scott & West has apparently been iosita money during 
the year just closed. Information is not available to prepare an income 

` statement. The partners know, however, that their capital a year ago 

. was: Scott, $10,000.00; West, $15, 000. 00; total, $25,000.00 and that 
withdrawals were: Scott, $3, 000. 00; West, $2, 000 .00; total; $5,000.00. 
At the close of the current year, assets totaled $48, 000.00 and liabilities 
totaled $30,000.00. Was there actually a loss? If so, how.much? As- 
suming profits and losses are divided equally, prepare a statement of 

=- proprietorship for the firm. 

_ 18 The Johnson Corporation had a surplus of $76,000.00 as of December 31, 
» 1942. Its income statement for the year showed a net loss of $4,000. 00. 
However, a check in the amount of $2,500.00 representing an over- 
assessment of federal income tax for a previous year was received from 
the Treasurer of the United States during the year. Dividends amounting 

to $10,000.00 were declared. (a) What was the balance of surplus on © 
December 31, 1943? (b) What was the net worth if capital stock amounted 
to $179, 000.00? | | 


THE EQUILIBRIUM OF ACCOUNTS 


Fach of the three accounting statements—namely, the balance 
sheet, the income statement, and the proprietorship statement— 
embodies an equation which is always in a state of equilibrium. In 
the balance sheet, Ib, | 

assets = liabilities+capital; — 
in the income statement, II, 

income — expenses = profit; 
and | in the proprietorship statement, ITI, 


beginning Hh additional 
capital ` investments 


profit _ ending 


—withdrawls+ (or—loss)~ capital ° 
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Furthermore, the three statements are interrelated as already indicated. 
Using the balance-sheet equation as a basis, we can combine the three 
equations into a single equation embodying all relationships: 
assets = liabilities- | began 1S +. sacra — withdrawals + (income —expenses) | . IVa 
In forming this equation, we replace the item, “ending capital”, 
which normally belongs in the balance-sheet equation, by the items 
used in computing it in the proprietorship equation, except that the 
item, “net profit”, is replaced by the items comprising it in the income- 
statement equation. t 
Since assets, liabilities, and capital constantly change from day 
to day, it is customary to set up accounting records, called accounts, 
in which to record the changes as they occur and from which tọ prepare 
the statements at periodic intervals. Normally such an account is 
opened for each asset, liability, proprietor's capital, proprietor’s 
drawing, income, and expense item. Assuming that the beginning 
capital and the additional investments are to be recorded in the 
proprietors capital account, the above equation may be restated 
as follows: 


assets _ liability ae capital _ drawing I income _ expense IVb 
accounts accounts ` accounts accounts ' accounts -accounts 


By shifting the negative items to the left-hand side of the equation 
to make possible the use of the positive sign in all cases, we resolve 
‘the equation to the form, 


asset accounts liability accounts 
-+drawing accounts + = 4 -+capital accounts IVc 
+expense accounts -income accounts. 


The equation is now in the form in which it appears in the ledger, 
or book of accounts, of an enterprise. The statement which includes 
all open accounts in the ledger at a given time is known as a “rial 


balance. It embodies the above equation. The accounts which appear - 


on the left-hand side of the equation are said to have debit balances 
‘and the accounts which appear on the right-hand side of the equation 
are said to have credit balances. The words, debit and credit, are 
technical accounting terms which, insofar as necessary here, mean /e/t 
and right respectively. 

The relationships of all basic accounting statements, equations, 
and accounts now may be set forth in a single chart (Fig. 12), which 
illustrates the relationship of statements, accounts, and equations of 
a single proprietorship or of a partnership. In the case of a corporation, 
the drawing accounts disappear and the capital accounts become 
capital stock and.surplus accounts. : : 

-= The accounts of an enterprise are used to record changes in the 
amount of assets, liabilities, capital, income items, and expenses. 
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These changes are brought about by entering into financial trans- 
actions. The accounting equations reflect conditions between trans- 
actions, since the values of all terms are taken as of a given instant 
of time. After each financial transaction, new values appear in the 


; TRIAL BALANCE 































: | | PET assets 
BALANCE Asset Liability - liabilities 
SHEET accounts accounts = capital 


beginning capital 
+additional investments 
-withdrawats 

+profit (or-loss) 
=ending capital 







| PROPRIETORSHIP 
STATEMENT 


INCOME 
STATEMENT 


Capital 


Drawing 
accounts 


accounts 


Expense Income 
accounts accounts 


DEBIT }-{ CREDIT _ 
BALANCES BALANCES 


Fig. 12 











— income 
-expenses 
=profit (or loss) 





equations. The equations, however, must always maintain their 
equilibrium; hence, each financial transaction must change at least — 
two accounts and the effects must counteract each other in order to 
maintain the equilibrium. This fundamental of accounting has led to 
the use of the term, double entry, in describing it. There is really not 
a double entry, but each transaction produces a double effect on the 
accounts. This double effect maintains the equilibrium of the accounts. 


Illustrative Problem 


John Brown owns and operates a small apartment house. As of 
January 2, 1944, his balance sheet appeared as shown in Fig. 13. 


T eae 7 
[Balance Sheet as of January -2,1944 ee 


rit. gpg ka ky Cease Se 


ash | bliddoo| Morzzage payable | bbbloid so 
Land ard builke oA RAR Eege Dot [s2own (Care. | kalsio 20 
Yoalsidgoe| state o2 
ELDAR ES ee TEE 
Fig. 13 


Rents are collected on the first of each month for one month in advance 
and expenses are paid as promptly as possible. He prepares all statements 
on a cash basis. The accounts listed in Fig. 14 are kept in a small ledger. 
The transactions listed are those entered into during the month of January, 
1944. The balance sheet as of January 31 is as shown in Fig. 15. 














‘1006 © Lee PRACTICAL MATHEMATICS 





The reader will see from a consideration of these diagrams that 
the accounts are constantly changing, but that they are always in a 
state of equilibrium. Many of the accounts, however, are not changed 
each day as they. would have to be to reveal up-to-the-minute facts, 
but are changed periodically because less bookkeeping is involved. 
For example, the rents were all collected on the first of the month 
and the rent earned account suddenly was increased by the entire 
amount. : 


CHART ILLUSTRATING EFFECT OF TRANSACTIONS ON ACCOUNTS 


ASSETS + EXPENSES =LiaBILITIES+ INCOME + CAPITAL 
Equatton of Accounts se Ea Eee YBa Sa 


Appears at Right Land and Mortgage _ Rent John Brown 





3 Cor as Building ry ADENS = Payable t Earned F (Cad.) 

Balances, Jan. 1, 1944 3,500.00 100,000.00 50,000.00 53,500.00 
‘a. Rents are collected for 

month of January A*1,400.00 A 1,400.00 

New account balances 4,900.00 100,000.00 50,000.00 1,400.00 53,500.00 
b Interest on mortgage for : 

one month is paid D 250.00 A 250.00 

New account balances 4,650.00 100,000.00 250.00 50,000.00 1,400.00 53,500.00 
c Installment on mortgage 

is paid 3 D 1,000.00 D 1,000.00 

New account balances 3,650.00 100,000.00 250.00 -49,000.09 1,400.00 53,500.00 
d Salaries and other ) 

expenses for January 

are paid — D 200.00 A = 200.00 

New account balances 3,450.00 100,000.00 450.00 49,000.00 1,400.00 53,500.00 
e Depreciation on building 

is recorded D 300.00 A . 300.00 

New account balances 3,450.00 99,700.00 / 750.00 , 49,000.00 1,400.00 53,500.00 
f Income and expenses are _ 

transferred to capital — D 750.00 D 1,400.00 A 650.00 

New account balances 3,450.00 99,700.00 49,000.00 54,150.00 
¢ Proprietor withdraws 

_ cash for living expenses D 500.00 ae D 500.00 

Balances, Feb. 1, 1944 2,950.00 99,700.00 49,000.00 53,650.00 


*A means to add to above amount and D-means to deduct from above amount, 


Fig. 14 


The rents are really earned day by day, however. Expenses are treated 


in a similar manner although really incurred day by day. The capital 


account also is changed only at the end of the month for the entire 


amount of the net profit or net loss, although the profit or loss builds 
up day by day during the month. Before statements are prepared 
at the close of an accounting period, therefore, adjustments are usually 
necessary to set forth correctly the various assets, liabilities, expenses, 
and income items. The purpose and manner of these adjustments are 
discussed in a subsequent article (p. 1027 ff.). Poe. 
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: TEST YOUR KNOWLEDGE OF TRANSACTIONS AND ACCOUNTS 


19 Walter Gordon, a dentist, had a cash balance of $1,750.00 and equipment 
. worth $3,500. 00 as of January 2, 1944. During the year, he received 
in cash, fees for services rendered totaling $6,400.00 and his ee | 
paid in cash were: salaries, $1,300.00; rent, $720.00; sundry, $210.00 
Allow $300.00 depreciation on his equipment and compu his net profit. 


[Balane Plet Qs af Samnary YS, SGEH 





Fig. 15 


20 Harold Wilcox owns and operates a garage. On January 1, 1944, his 
assets were: cash, $1,200.00; inventory of cars, parts, etc., $10, 000 00; 
land, building, and equipment, 25,400.00; and his liabilities were: notes 

: payable, $6,000.00; mortgage payable, $10, 000.00. During the year, he 
received $8,640 00 for service and repairs to cars and paid $5,810.00 
for salaries and expenses. In addition, he used parts out’ of stock in 
repairing cars, costing a total of $1,109.00. He also sold for $4,000.00 
cars which had cost him $3,000.00. All cars sold were on hand at the 
beginning of the year, and he made no purchases of cars or parts during 
the year. All transactions were on a cash basis. (Assume that deprecia- 
tion on building and equipment amounted to $900.00 tor the year.) 
What was the amount of Mr. Wilcox’s net profit for the year? 


rd 


THE RULE OF The rule of debit and credit is a mathe- 
‘DEBIT AND CREDIT| matical directive to be followed in record- 
eee ee ino Slinanclal: transactions: in journals rand. 

a in ledger accounts. It is a rule which gives the direction and amount 
of the various changes’ in ac- 


; RULE OF DEBIT AND CREDIT 
counts resulting from a given : 


KIND OF DEBIT CREDIT 


financial transaction. | Whereas Account (Place on left (Place on right 
Gs) tic add? aa “dedice”? era ced side of account) side of account) | 
; x A z 2 5 Asset To record an To record a 
in the illustration in, the previous increase in the decrease in the 
yA se ; balance of the balance of the 
| section, in actual practice the account account 
words, debit and credit,. become Liability decrease increase 
2 $ $ 4 Capital decrease : increase 
the direction signs. Debit means Drawing increase decrease 
Income . decrease _ -¥ncrease 
to place a given amount on the AAA ee ara 
left-hand side of the account and EE 
ig. 


credit means to place it on the 
right-hand side. Since placing an amount on the debit side of an 





Í 
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asset account tends to increase the account, while placing the amount . 


on the left-hand side of a liability account tends tọ decrease the 
account, etc., it is necessary to state the debit-and-credit rule in a 
more or less elaborate fashion. Fi ig. 16 presents the rule stated in a 
comprehensive manner. 

In addition to this rule, we should remember the fundamental that 
for every debit there must be an equal and corresponding credit or 
group of credits, and for every credit there must be an equal and 
corresponding debit or group of debits, or, more briefly, in the record 
of a given transaction, the total of the debits must equal the total of the 
credits. Note that all accounts that normally have debit balances 
are debited for increases and credited for decreases and that all accounts ` 
that normally have credit balances are credited for increases and debited 
for decreases. 

The record of a transaction is first made in a journal and then 
transcribed or posted to the ledger accounts affected. Before making 
the journal entry, we must analyze the transaction to determine its 
debits and credits. Analyzing a given transaction involves: 

a Choosing suitable account titles, 

b Noting whether each account is an asset, a aise an expense, an 

income, or a proprietorship item, 

c Determining the amount of increase or decrease in each account, 

d Applying the rule of debit and credit, and 

-e Testing the equilibrium of the entry. . 

The form of the journal and ledger, together with illustrative entries 
(Figs. 17 and 18), are as follows: | 


Transaction 
Adolph Sellers began business on January 2, 1944, nyisi the following’ 


Assets: Liabilities: 
Cash $ 5,000.00 Accounts payable: 
Inventory of merchandise 20,000.00 D..O. Trust . $ 7,000.00 
Auto trucks 6,000.00 Wholesale Stores Co. 12,000.00 
Notes payable 4,000.00, 


RIGS 8 CPR APSE EERE | 


LA EE ee ees ee Oe SS Demme ee ee EE + 


al ak eae Added T | 
Ý tides d ee [ledde LU 
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Wh olesate Stores 
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‘TEST YOUR KNOWLEDGE OF THE RULE OF DEBIT AND CREDIT 
i21 (a) Prepare a ledger for J. A. Willis and record the following: 
a Balance Sheet, J. A. Willis, as of December 31, 1942 


ASSETS LE oo. LIABILITIES 


Cash . $ 7,500.00 Notes payable $ 50,000.00 
Notes receivable 40,000.00 Accounts payable `- 17,000.00- 
_ Accounts receivable 58,300.00 Accruals payable 500.00 
Inventory merchandise 60,000.00 Mortgages payable ? 50,000.00 
‘Investments 23,200.00 BERRE 
Prepayments SE 2,000:00 3 $117,500.00 
Real estate and equipment 180,000.00 PROPRIETORSHIP Ns 
i Ja A. Willis (Capital) _. 253,500.00 
$371,000.00 ,000. 





- Following is a summary of the transactions entered into by Willis aanp 
the year, 1943: ce : 
a Lumber purchased on account, $130,000.00; for cash, $5,000.00. 
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b Sales on account, $160,000. 00; for cash, $10, 000.00. The lumber sold 
cost $133,000.00. 
CfA Willis withdrew $2, 500.00 in cash; he later turned over to the 
‘business $5,000.00 in bonds and $10, 000.00 in cash. He also took a 
salary of $5, 000.00 
d Received cash, $118, 300.00, and notes, $25, 000.00, from customers on 
‘account: Also received $17, 000.00 cash in payment of. notes receivable. 
/ e Creditors were paid 2100; 500.00 cash on account and were given notes. 
< totaling $25,000.00. Also paid off $19,000.00 of notes. 
f Expenses were paid in cash as follows: selling expenses, $16, 500; admin- 
istrative expenses, $4, 000.00. eS 
g Received $1,000.00 in cash for interest on investments. 
(b) Also prepare a trial balance, an income statement, and a balance shéet 
assuming depreciation on buildings and equipment of $2, 700.00. Assume that 
J. A. Willis began business as of December 31, 1942, investing assets and 
liabilities as indicated. 
22 The following additional transactions were entered into by Adolph 
Sellers during January, 1944: (Post to accounts in Fig. 18.) 
Janpary 2—Sent check for $2,000.00 to D. O. Trust on account; a pad 
store rent for January, $350.00, and office rent, $50.00 
4—Bought gasoline and oil for the trucks for cash, $900. O05 
10—Cash sales for month to date, $7,000.00. ce 
13—Paid Wholesale Stores Company $4,000.00 on account. 
15—Paid salaries; paghyenys $180.00; sales, $820.00; and admin- 
istrative, 6250.00. 
18—Purchased merchandise on account from D: 0... ‘Trust, 
$12,000.00. 
20—Cash sales from 11th to 20th, $9, 000.00. 
24—Paid $2,000.00 note at bank; Daid $10,000.00 to D. o. 
‘Trust on account. 
31—Paid salaries as on the 15th; cash sales from 21st to 31st, 
ne 00; paid store expenses, $100.00, and office expense 


(a) Record ; in a journal the entries for January and post to a isek 
(b) Prepare a list of ledger accounts and balances as of January 31, 1944. 


It is clear from the foregoing discussion that accounting is based. 

_on mathematics. Its method is fundamentally a mathematical method: 

A In the basic-accounting equation, Id, capital=assets—liabilities, 

© is found a dependent variable, capital, and two independent variables, 
assets and liabilities. It is clear that the amount of capital cannot 
change unless assets or liabilities or both change. 

B The changes in capital are explained by analyzing the asset and liability 

‘= changes that cause them, and this analysis is set up in another equation. 

C The capital changes due to revenues and expenses are further analyzed 
and the result set up in the form of an income statement, which is a 

_ third equation. 

D The analyses are then combined into an equation of accounts and set. 

= up in such a manner that changes | in every item can be recorded as 
transactions occur. = 

E A mathematical rule is developed to facilitate ane control the recording 
process so as to ensure accuracy and equilibrium throughout. 
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MATHEMATICA i In the preceding section, the basic applications 
i i e| of mathematics to accounting were considered 
COVEULATIONS —namely, those pertaining to the accumulat- 


ing, recording, and presenting of accounting. data. There are, in 
addition, numerous supplementary applications of mathematics to 
accounting. In the assembling of accounting data prior to entry upon 
the books, in the distribution of net profit after it has been determined, 
in the analysis of departmental operations, and in general office 
procedure, accounting computations of many different kinds are 
necessary. The present section deals with the computations and _ 
formulae of wide application. Most of the computations are of an 
elementary nature, such as trade discounts, cash discounts, bank 
interest and discount, anticipations, averaging accounts, partnership 
computations, etc. The basic interest formulae are then developed. 
These relate to compound interest, annuities certain, and sinking 
funds, an understanding of which is necessary on the part of account- 
ants in income determination, balance-sheet valuation, and many other 
accounting computations. In the subsequent section, some of the more 
advanced mathematical computations are considered. Included are 
bond valuation and amortization, leasehold valuation and amortiza- 
tion, various depreciation methods, and mine valuation. The treatment 
of depreciation is of. particular interest to mathematicians. 





Trade discounts 


Manufacturers, jobbers, and others frequently issue catalogues 
describing their wares and quoting prices. These catalogues ordinarily 
are for distribution to wholesalers and retailers for use in connection 
with the soliciting of sales to customers. Since the ultimate consumer 
is very likely to examine the catalogue when making a purchase, it is 
necessary that the price quoted in the catalogue be the maximum 
retail price that he is expected to pay. The manufacturer or jobber 
then supplies the wholesaler or retailer with a letter stating the per 
cent or tet of percentages which the given wholesaler or retailer may 
deduct when ordering catalogue items. | | 

The catalogue with its listed prices, together with’ the letter of 
discounts, called trade discounts, affords the manufacturer or other 
vendor a means of quoting prices to his immediate customers, whether 
they are wholesalers, retailers, or ultimate consumers. Furthermore, 
this device permits him to quote different prices to different customers 
without having to print different catalogues. Again, prices may be 
changed from time to time merely by changing the discounts allowed 
or by adding or taking away.a discount. Trade discounts are not 
always a single discount percentage, but often comprise a series or 
chain of discounts, each of which is to be deducted in turn in arriving 
at the price to be paid, called the invoice price. Instances are known’ 
in the lumber trade, for example, where as many as forty discounts 
appeared in a chain of discounts from list price. Certain restrictions 
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on the granting of special discounts to large buyers have been imposed - 
by the Robinson-Patman Act, however. These restrictions should, 
of course, be observed, wherever applicable. The Robinson-Patman 
Act was passed by Congress in 1936 as an amendment to the Clayton 
Act. It prohibits price discriminations unless based upon differences 
in the cost of distributing goods sold to competing customers. Where 
customers are in different categories, such as mail-order houses, jobbers, 
and retailers, distribution costs vary and price differentials are justified. © 

When only one percentage is given as a trade discount, the compu- 
tation of the invoice price from the list price is relatively simple. 


Lllustrative Problem 


If the list price or catalogue price of an article is $100.00 and the 

trade discount is 40%, the invoice price or actual sales price is $100.00 
less $40.00 or $60.00. This latter amount is the only amount entered 
in the accounting records, the entry being as shown in Fig. 19. 
\ In the event that a trade dis- 
count is quoted as several per- 
centages—i.e., as a chain of 
discounts—each percentage is 
multiplied: in turn by. the 
amount remaining after the pre- 
vious discount has been de- 
ducted. To illustrate, assume that a lumber mill has quoted prices 
to a jobber as: list price, less 25-20-5-10. For a sale of lumber amount- 
ef $3,600.00 at list prices, the invoice price is then computed:as 
ollows: : | gi see | 





Fig. 19 


List price : $3,600.00 
Less: 25% of $3,600 -900.00 ` 
-$2,700.00 

Less: 20% of $2,700 540.00. .- 
$2,160.00 
Less: 5% of $2,160 - 108.00 
$2,052.00 
Less: ‘10%. of $2,052 205.20 
Invoice price et a $1,846.80 


Thus, one discount percentage is applied at a time and the amount of the 
discount is deducted before the next percentage 1s applied, etc. It does not 
make any difference in what order the separate percentages are applied as 
long as the next one is applied against the reduced amount. In the case cited, 
the discounts might have been quoted as 5-20-10-25, but the result would 
have been the same. Test your knowledge by proving the truth of this 
statement.. ios : : Pepe Nee 

It is sometimes desirable to combine a chain of discount percentages into 
one equivalent percentage. This can be done by assuming a list price of 100 
and applying the percentages in turn in the orthodox manner and then deduct- 
ing the resulting invoice price from 100. The result is a single percentage 
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that is equivalent to the chain of percentages. The chain of discount per- 
centages just discussed would be combined as follows: 








Assumed list price | 100.00 
Less: 25% of 100 25.00 
75.00 

Less: 20% of 75 > 15.00 
Less: 5% of 60 | fe 500 
57.00 

Less: 10% of 57 5.70 
Resulting invoice price 51.30 








100 —51.30 =48.70 | 
The 48.70, then, is the single percentage which is equivalent to the chain 
of percentages, 25-20-5-10. Now prove it by applying a trade discount of 
48.7% against a list price of $3,600.00 and determine whether the invoice 
price is the same—namely, $1,846.80. 


TEST YOUR KNOWLEDGE OF TRADE DISCOUNTS 


23 A newly-married couple purchased a living-room suite from a retail 
furniture dealer at a price of $175.00, the catalogue price. How much 
‘profit did the furniture dealer make on the sale if the wholesale dealer’s 
price to.him was list price, less trade discount of 10-10-5? What was the 
-jobber’s invoice price to the wholesaler if the trade discount was 
20-10-10-5? | | 3 TA 
24 A retail radio store handles two different makes of radios. One whole- 
sale dealer, A, quotes a trade discount of 30-20.. The other wholesaler, 
B, quotes a tradé discount of 5-20-25. Assuming that both makes of 
` radio sell readily at the list prices, which is the more profitable line to 

< the retail dealer? =, | | 

25 A retail hardware dealer desires to dispose of some old stock of paint. 
He is willing to cut his price to a point where he will make a profit of 
10%. What should he get for a gallon of paint with a list price of $3.60 
and a trade discount of 25%? 

26 A retail toy dealer has been buying a certain a from a wholesaler: 
The list price is $25.00 and the trade discount 40-10. The wholésalet 
sends through another letter stating that an additional trade discount 
of 10 is added. As soon as his old stock is sold out, the retail dealer 
decides to pass on the last reduction in price to his customers. What 
should be ‘he new price of the toy? 3 | 5 


Cash discounts 


Cash discounts, unlike trade discounts, appear upon the books of 
both the purchaser and the seller. Cash discounts must be recorded 
on the books since they do not become effective until and unless cash 
payment is made within a fixed period of time. While trade discounts 
are merely a device for quoting a price, cash discounts, ostensibly at 
least, represent a compensation for prompt payment of a bill. . 

When a sale or purchase transaction is entered into by an enterprise, the 
cash discount is set forth as a part of the terms of the transaction, as 2/10/30, 
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which means 2% is allowed as a deduction for cash if the bill is paid within 
10 days; otherwise, the net amount is payable and that within 30 days. 
Assuming that John Smith, a customer, and William Brown, a vendor, enter 
Auchases | dddod 
| Wliane Brow | I] 








Fig. 20-52 Ar ro Fig. 21 


into a transaction in merchandise at a total invoice price of $1,000.00 with 
terms of 2/10/30, the entry on the books of the purchaser, gon Smith, at 
the date of the purchase is shown in Fig. 20. The entry at the time the bill 
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Fig. 22 Fig. 23 


is paid, if within the discount period, is shown in Fig. 21. The respective 
entries on the books of William Brown, the vendor, are as shown in Figs. 


22 and 23. 


TEST YOUR KNOWLEDGE OF CASH DISCOUNT BY THESE PROBLEMS | 


: Compute the amount of cash discount allowed in each of the following 
cases and prepare the journal entries on the books of both the purchaser 
and the vendor: | | 


27 George Roberts purchased merchandise from the Johnson Wholesale Co., 


invoice price, $678.00; terms, 2/10/30. The bill was paid within 10 days. 


28 Howard Schmidt: sold merchandise to Walter Brown, invoice price, 
= $415.79; terms, 3/5/30. Brown paid the bill within the discount period. 


29 Herman Powell purchased merchandise from Jordan & Co., Inc., list 


price, $1,476.22; trade discount, 20-5-10; terms 2/10/30. The bill was. 


paid within the discount period. | 


Bank interest and discount 


Bank interest (or bank discount) is a compensation allowed for the 


use of funds. It is based upon the principal amount, the time involved, 
and the percentage rate per unit of time. In a sense, interest is a 
rent. It is an amount paid for the loan of capital in the form of cash 
or credit. > ae 

Discount is interest paid in advance. Discount is deducted from 
the principal at the time the loan is negotiated and the proceeds only 
are paid over to the borrower. Interest, on.the other hand, is paid at 
the end of stated periods of time. ee ee 
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Lilustrative Problem — 


John Smith is in need of $1,000.00 to pay certain bills which are 

pressing. He approaches a bank, and his note for $1,000.00 payable i in 
1 month is discounted at the rate 
of 6% per annum—that is, he 
is lent $1,000.00 but he is re- 
quired to pay immediately the 
$5.00 charged for the use of 
the money for 1 month. John 
Smith, therefore, receives only 
$995. 00 from the bank, the 
$5.00 having been first deducted. 
_ The journal entry on the books 
of John Smith is made as in 
Fig. 24. When the note is paid 
off one month later, the entry 
is set down as in Fig. 25... 








Fig. 25 


THE COMPUTATION OF INTEREST AND DISCOUNT | 


The formula for computing interest or discount is 
the principal times the rate times the ¢zme, 


Oro P.R: T=I ; V 

The principal is the amount. of the loan and is the amount upon 
which:the interest or discount is computed. The rate is the percentage 
or decimal ‘applied against the principal to obtain the interest or 
discount and ordinarily is quoted on a yearly basis—z.e., as a rate 
per annum. Unless otherwise specified, the rate quoted is assumed 
to be the rate for a year. The zime is, of course, the number of days, 
months, or years the loan is to run. By interest is meant the amount 
of interest or discount, as the case may be. It is the result of multi- 
plying the principal by the rate per period and then multiplying this 
product by the number of periods. 

In the case of ordinary or simple discount, only one period is involved 
at.a time, while simple interest may be computed for a greater num- 
ber of periods. Thus, if a borrower obtains funds from a bank.by dis- | 
counting his note, he is required to discount a new note at the end of 
each period—e.g., one month—as long as he desires the loan of the 


funds. 


Illustrative Problem 
Suppose, for example, that John Smith discounts his $1,000.00, 6%, 


1 month, note at a bank. 

He obtains credit in his checking account for $995.00, the proceeds. 

After 1 month has elapsed, however, he must discount a new note, if he 
wants to continue the loan. 3 
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His Je account is then charged with $1,000.00, the principal of 
the old note, and is credited with $995.00, the proceeds of the new note. 
The same procedure i is followed month after month as long as the funds | 
are desired. 


A’ period longer than a month may, of course, be used, but the 
longer the discount period, the more costly it is for the borrower, 
since the discount is always deducted in advance, If funds are bor- 
rowed from a bank on collateral on, say, a demand basis, it is not 
necessary to discount a note each period. Instead, the full amount 
of the loan—e.g., $1,000.00—is credited to the checking account 
of the borrower at the outset. The interest, $5.00 per month or $15.00 
per quarter, as the case may be, is billed oda and the loan runs 
until terminated by either the borrower or the bank. 


-When the period of time involved in interest computations is the 
year, the quarter, or the month, no problem is involved in finding 
_ the length of time. However, when the day is the unit of time, it 


= 
must be decided whether interest is to be computed at 3 5 of the 


1 
annual rate or at 360° F firtherniore, it must be decided also ae 


the number of days actually elapsed is to be taken or whether one day 
is to be added to elapsed time, as is done by some banks. Unless 
there is an understanding to the contrary, the number of days elapsed 


should be used. 


For example, the number of days fam August 8 to August 27 on this basis 
is 19. This result is obtained by merely subtracting one date from the other ` 
The elapsed time from August 28 to October 23 is 56 days, 3 days in a 
30 days in September, and 23 days in October. 


One day added in each case gives dank time as eed by some banks. 


The question of using 365 days or 360 days as a year in obtaining 
the daily interest rate is one that will probably never be settled. 
It is claimed that using 360 days for a year is more convenient, and 
the result is approximately the same. If interest tables are used, 
however, it is just as convenient to use the exact rate, based on 365 
days, as the ordinary rate, based on 360 days. F inancial institutions 
always have available interest tables based upon 365 and 360 days, 
respectively. 


TEST YOUR KNOWLEDGE OF INTEREST COMPUTATION BY THESE PROBLEMS 
30 By the ordinary method, compute the amount of interest on a $3,165. 50 
loan for 3 months at 5%. 
31 Convert the above to exact interest. 


32 Wallace Morton discounts his own $1,200.00, 60- ae note at the bank. 
Compute the amount of discount and prepare the necessary journal entry | 
on his books. : 2 
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33 William Watson discounts the note of a customer of his. The brineindl | 
of the note is $687.45, the discount rate 4%, and the num ber of days 31. 
Compute the amount ‘of the discount. 


34 A customer’s 60-day note for $1,870. 40 dated January 14 is discounted 
at the bank on January 21. The discount rate is 5%, Compute the 
amount of the discount and prepare the necessary journal entry. — 


795 es the amount of ordinary interest for 6 months and 22 days at 
4 on $25,463.25. Prepare the journal entry recording the payment of 
ne interest and the loan. 


36 Verify the computation for problem 35 by reference to an interest table 
and also obtain the amount of exact interest. 


37 Compute the ordinary interest on a $1560.00 note bearing interest at 
7%, dated April 14, 1943, and paid November 14, 1943, (a) by finding 
the exact number of days elapsed and (b) by finding the time in months. 
(c) Also compute the exact interest. : 


38 How many years are required for $900.00 invested at 45% simple interest 


to earn $101.25? 


39 At what rate of pple interest must $500. 00 be invested to earn $52.50 
in 3 years? | 


40 If $1000.00 is invested at Be 5/0 simple interest, how long will it require 


for the investment to double i p 


Discounting interesi bearing notes 


It frequently happens that a business discounts some of its customers’ 
notes to obtain cash for current operations. If these cutomers’ notes 
(notes receivable) are non-interest-bearing, no mathematical problems 
are presented except those involved in discounting a. note payable 
(i.e., a note signed by the owners or officers of the business itself). 


When a customer’s interest-bearing note is discounted, however, 
additional computations are necessary. A customer’s interest-bearing 
note increases in value daily because of the accruing interest. The 
maturity value of the note is then the principal amount because that 
is the amount the bank will receive when the note matures and is paid 
by the customer. ` 


Illustrative Problem 


The Ward Finance Company discounts two interest-bearing notes 
received from customers. The discount rate is 4%. One of the notes 
is dated June 20, the face amount 1s $675.00, he interest rate 6%, 
and the time is 60 days. The other note is dated June 2, the face 
amount is $500.00, the interest rate 6%, and the time is: 60 days. 
Both notes are discounted on June 20. What amount of cash is ob- 
tained for each note? | : 

As the first note is discounted the same day it is received, the discount 
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period is 60 days. The maturity value is computed. as follows: 
$675.00 


Face value 
Interest at 6% for 60 days 6.75 
Maturity value $681.75 





-The maturity value is then discounted at 4% for 60 days. The computa- 
tion follows: 3 





Maturity valik $681.75 
Discount at 4% for 60 days 4.55 
Proceeds $677.20 








As the second note has already run 18 days, the discount period is only 
42 days. The maturity value is computed in the same manner as above— 


namely, ` = 

| Face value $500.00 
Interest at 6% for 60 days 5.00 
Maturity value $505.00 


The discount, however, is computed for only 42 days, 
Maturity value : 
Discount at 4% for 42 days 236°. 
Proceeds . $002.64 s 

The journal entries to record the HEED e of the notes -are illustrated 


in Figs. 26 and 27. 








Fig. 26 Fig. 27 
TEST YOUR KNOWLEDGE OF DISCOUNTING INTEREST-BEARING NOTES . 


41 William Reed discounted ‘a customer’s $1,500.00, 90-day, 7% interest- 

bearing note at the bank. The note was dated June 30 and was dis- 

counted at 5% on July 10. Compute the amount of the discount: and 
prepare the journal entry. 

42 John Craig owes a bill of $1,000.00 for merchandise purchased on terms 
of 2/10/30. He finds that he can discount at the bank a customer's 
$1,000.00, 60-day, 7% note, having 20 days to run, just in time to pay 
the bill and take advantage of the cash discount offered. What would 
he gain or lose by entering into such an arrangement? (Bank discount 
rat 6%.) 

43 A $5, 000.00 note bearing interest at 6% is offered on August 1 in settle- 
ment of an account. The note is dated July 5 and matures on Sepeemb i 3. 
At what amount pou it be taken? 


Anticipations 


‘Some large, well-financed mae establishments are in a 
position to deduct anticipations in addition to cash discounts when 
aying bills promptly. The amount of an anticipation on a giver bill 
is computed by applying the current interest rate to the bill for the 
number of days by which the cash-discount date is anticipated. 
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For example, if the amount of the bill-is $1,000.00, the cerms of payment 
are 2/10/30, the anticipation rate is : f Boas 
6%, and the bill is.paid on the second. f; 
day instead of on the tenth day, the 
amount of the anticipation is $1.31, 
representing 6% for 8 days on $980.00. 
The journal entry recording the pay- dee 
ment of the bill is shown in Fig. 28. i Fig. 28 
While the amount saved in this case | i 
is small, it should be evident that similar action on many bills would result 
in a considerable saving. ah , 





TEST YOUR KNOWLEDGE OF ANTICIPATIONS BY THESE PROBLEMS 


44 A bill in the amount of $1,562.21 for merchandise purchased is received 
on November 3. The terms of payment are 2/10/30 and the anticipation 
rate is 5%. Compute the amount of the check if the bill is paid on. 
November 4. | : : 

45 (a) How much would be saved by borrowing money at 6% to pay 
immediately a $2,000.00 bill for merchandise purchased on terms of 
3/5/30 if the anticipation rate is 5%? (b) Would it pay to take the 


anticipation if money could be borrowed by discounting a 25-day note? 
Averaging accounts 


By averaging accounts is meant determining the average balances 
of the accounts fora certain time period for the purpose of computing 
interest or for some other purpose. Accounts current maintained by a 
vendor (shipper, exporter, or merchant) of produce or other merchan- 
dise with his factors or agents often bear interest when payment is 
not promptly made. Banks maintaining checking accounts with 
depositors often compute average balances monthly to determine the 
amount of service charges. Stock brokers charge their clients interest 
monthly on average debit balances and make computations periodi- 
cally. Savings-and-loan associations declare dividends at given rates 
computed on average balances for a six-months’. period. Partnerships 
sometimes allow interest on average investment as an element in the 
sharing of profits. Savings banks credit interest to depositors periodi- 
cally on‘an average-balance basis. There are also numerous other 
instances where interest is computed on average balances or where 
average balances are necessary for purposes of analysis. : 

All computations of this nature are based upon the same types of. 
facts—namely, the various amounts involved and the length of time 
each amount is a factor. Where amounts are added to or withdrawn 
from accounts at odd times during a given period, it is very often 
necessary, for practical reasons, to establish arbitrary rules, as, for 
example, that changes made during the first fifteen days of a month 
shall be considered as having been made as of the first of the month and | 
changes made subsequent to the fifteenth day as having been made 
as of the first of the following month. ' 3 oho 


, 4 
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Illustrative Priilen 


A given bank has a rule that a service charge of $1.00 is to be made 
at the end of each month during which the average balance of a check- 
ing account is less than $200.00. Determine whether the account 
reproduced in Fig. 29 is subject to the service charge for June. 


EE 


tol 
NO TN te FO TON 
RSS 8 





eae IRA Ht siol\oo 
Tanana PTT le Jaky) s \fBatanee. |_| || | brilo 
Fig. 29 | l 
Se DATE AMOUNT Days To Enp or Monru Totar Dottar Days 
June 1—Balance $350.00 30 $10,500.00 - 
~ 5—Deposit 40.00 | Dose se . 1,000.00 : 
29—Deposit 300.00 T 300.00 $11,800.00 
Less: i EN 
June 2—Check $ 75.00 28 $ 2,100.00 
9—Check 100.00 PA MA 2,100.00 
17—Check 120.00 13 . 1,560.00 
25—Check 80.00 | 5 400.00 6,160.00 
Net > 9,61000 





Average balance = = $5,640.00 -30 = $188. 00. 
Therefore, the average balance is less than $200.00 and the service chargé 
of $1. 00 i is made for the month of June. 


TEST YOUR ABILITY TO AVERAGE ACCOUNTS BY THESE PROBLEMS 


46 The General Produce Company of Philadelphia acts as factor for numer- 
ous truck farmers. This company has been selling produce for John 
Jones but has been slow in remitting and, under his agreement, is required 

to pay interest at 6% on the average “balance of the account for the 
month. The account appears in Fig. 
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Fig. 30 


Compute the amount of the remittance that will have to be made òn 
July 31 to clear up the account. 

47 Your bank makes a service charge of $1.00 for each month that you do 
not maintain an average balance of $200.00 in your checking account. 
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Your balance at the end of December was $225.00. Checks drawn by 
you were presented at the bank as follows: January 5, $50.00; January 15, 
$60.00; January 25, $10.00; and you deposited. $250.00 on “January 29, 
Will the bank make a service charge for January? | 
48 One of the clauses of the partnership agreement of A and B provides 
that they are to be credited with interest at 6% on average capital 
balances as one step in the distribution of profits. The capital accounts 
for the year just ended appear in Fig. 31. Compute the amount of 
interest to be allowed each. 
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Fig. 31 


Before entering upon a discussion of 
the problems of valuation and income 
determination, we find it necessary 
to develop certain basic mathematical formulae used in their solu- 
tion. As these are basic to many computations, accountants must be 
thoroughly familiar with them even though tables are often available. 


BASIC MATHEMATICAL 
FORMULAE 








Compound interest and compound amount 


Simple interest has been defined as the compensation allowed for 
the hire of money. It is computed for a single period of time, such 
as a month or a year, and the amount is paid to the creditor periodi- 
cally. Compound interest results when the simple interest computed 
as above i is not paid to the creditor at the end of the period, but, in- 
stead, is added to the amount of the principal and thus forms the 
basis for an increased amount of interest for the next period. The 
periodic addition of interest to the principal and the subsequent 
computation of interest on larger and larger amounts is known as 
compounding. Compound interest is the total amount of all interest- 
‘amounts added to the principal over a series of periods. Compound 
amount is the accumulated total amount of principal and interest at 
the-end of a series of periods. 


Illustrative Problem 
Compounding. is easily explained by using an example. Lewis 
Ferguson deposited $1,000.00 in a savings bank. The bank allowed 


interest at the rate of 3%, and cect oe interest to n account at the 
-ehd of each year. ` 





a) 


oS PA a jnt l -Vie 
Then, p= 53 qe Present worth of $, VII 
and P(1+”— P= compound i interest. VIII © 
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The first year the interest was 3% of $1,000.00, or $30.00 

At the end of the second year, however, the bank added 3%, of $1,030.00, 
or $30.90, to Mr. Ferguson’s account. 

The extra 90 cents was interest on the interest for the first year. 

At the end of the third year, 3% of $1,060.90, or $31.83, was added; at 
the end of the fourth year, 3% of $1,092. 73, ‘or $32. 78, was. added; and at 
the end of the fifth year, 3% of $1, 125. 51, or $33. 77, was added. 

At the end of the fifth year, Mr. Ferguson withdrew his money to purchase 


- war bonds. He received a total of $1,159.28 from the bank.. 


The total, $1,159.28, was the compound amcunt of $1,000.00 at 3% com- 
pounded annually for 5 years. 

The amount of compound interest received by Mr. Ferguson was $1,159.28 
minus $1,000.00, the original principal, or $159.28. 


THE COMPOUND-INTEREST FORMULA 


Compound interest and compound amount may be computed by 
means of a formula. This formula is developed as follows: 
Let P =the principal, the original sum on which interest is computed, 
S= compound amount to which P will accumulate—i. es, principal 
_ plus compound interest, 
n=the number of periods ‘of compounding, or conversion (each 
period is usually a year or some fraction thereof), 
and — =the rate of interest for one period (one year if no other period 
is indicated). 
At the end of the first period, the interest to be added will be Pi and the 


compound amount P+ Pi. Therefore, at the end of the first period, 


S= Pt Pi= PAA: Via 
The amount of interest to be added at the end of the Lond period will 
be P(1+72)i, and the compound amount at that time will be: 
S=PA1+2)+P(A+2) 
= P(1+72) (1+2) 
| = P(1-+7)?. VIb 
By the process of mathematical induction, we can show that the formula 
for the compound amount at the end of n periods is 


Applying the formula to the illustrative example, we obtain a result as 


§ =1000(1.03)5 . (Formula Vic. ) 
log 1.03 =0.01284 (Table XI, page 127) — 
X5 
-0.06420 
log 1000 =3.00000 
log S = 3.06420 = 
S =$1,159.30 (By interpolation) 


follows: 


_'The result is the same as before except that a slight inaccuracy resulted. 


from the use of a three-place logarithm table. 
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Compound-interest tables may be used also in solving problems of 
this type. | | : | ae 

The solution to the problem’on page 1021 may be obtained by reference to’ _ 
a table. In-the 3% column opposite to 7=5, the compound amount of L is. 
found to-be-1.15927. Multiplying by P, which in this problem is $1,000.00, 
_ we find the answer to be $1,159.27. (Cf. Table LXXXII, p. 982, (1.03)” column.) 
` A formula to compute the present value of 1 at compound interest, Es 
may be developed from the compound-interest formula. The compound- 
interest formula is here used merely as a basis for the development of the 


annuity formula, the computation of bond values, etc. 


THE AMOUNT OF AN ORDINARY ANNUITY CERTAIN 


„Another basic mathematical formula frequently used by accountants 
is the annuity formula. In its ordinary form, this formula may be 
stated as follows: : 

: | » el eae al | x 


nl 
Z 


swis a symbol used to denote the amount of an annuity certain of © 
1 per period accumulated at compound interest for a given number of 
periods. The letter, n, denotes the number of periods and the letter, 
1, the rate of interest per period. The amount accumulated at the 
end of n periods includes both the total of the 7 rents of 1 each, and 
the compound interest on each rent to the end of the last period. The 
amount of an annuity of 1 in reality.is the sum of a number of com- 
pound amounts obtained by placing 1 at compound interest at the 
end of each of a number of succeeding periods. | 

Assume, for example, that, at the end of the year, 1943, Harvey Lon 
deposited $1.00 in a savings bank at 3% compounded annually. A year later, 
he deposited. another $1.00 in the same account, and, at the end of the third 
year, still another $1.00, etc., until he had deposited six $1.00 amounts each 
one year apart. At the moment the last $1.00 was deposited and before it 
earned any interest, the total in his account would be the amount of $1.00 
per annum at 3%. compound interest for 6 years. It is important to note that 
the first $1.00 was deposited atthe end of the first year and that the amount 
of the annuity was computed at the moment the last $1.00 was deposited. ` 
‘Although it is an annuity of six so-called rentals, the first was at compound 
interest for only 5 years, the second for 4 years, the third for 3 years, the fourth 
for 2 years, the fifth for 1 year, and the sixth for O years, illustrated below: 


(1.03)5 = 1.00000-+0.03000-+0.03090 +-0.03183 +-0.03278 +-0.03376 = 1.15927 


(1.03)4= 1.00000 +-0.03000-+-0.03090 +-0.03183 +0.03278 = 1.12551 
(1.03)? = SS 1.00000 +0.03000 +-0.03090 +0.03183 = 1.09273 
(1.03)?= | 1.00000 +0.03000 +0.03090 = 1.06090 
(1.03)! = | 1.00000 +0.03000 = 1.03000 
(1.03)? = l 1.00000 = 1.00000 








~~ sg =1.00000+1.03000-+1.06090+1.09273 +1.12551-+1.15927 =6.46841 
This illustration shows two important things: 


w 





~ 
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First, it hots how zack dollar i is Poe at Cgompound interest frorh 
: de time it is deposited until the date of valuation.. For example, the compound 
-amount of the first dollar is $1.15927 five years later. 
Second, the table shows that each year, in addition to the ahil of $1.00, 
interest is added, the amount of interest becoming larger gach time. The 
amount of the annuity is $6.46841. 


The formula for computing the amount of an arina annuity 
certain is developed as follows: 


Let sa =the amount of 1 per period at compound interest, 
n=the number of periods, _ i 
and i=the rate of interest per period. 


Also bear in mind that each rental of 1 is paid in at the end of the 
period—i.e., the first rental at the end of the first period, the second 
at the end of the second period, etc.—that 7 is the rate per period, 
and that.a period may be a month, a year, or any other designated 
- length of time. 

Then sa=(1+7)"-!, the first payment of 1, accumulated at conipound 

. interest for (n— 1) periods, 

+(1-+7)?~°, the second payment of 1; accumulated at compound 
interest for (7—2) periods, 


© Fete, | intermediate payments of 1 each, 
+(1-++2), the next to the last payment of. L, decunulated at 
compound interest for one period, | 
-+1.00, the last payment of 1, paid in at the end of n periods - 


and, hence, accumulating no interest. 
The equation, i 
sae (Lhasa e = I 
is a geometric progression in reverse, with a ratio between succeeding terms 
of (1+2).. 
- Now, multiplying each term on both sides of XI by (1+2) produces 
Cae) as ETIRI eh. XII 
Then, subtracting equation XI from equation XII produces a third equation 
with all ‘intermediate terms eliminated, 


: (1+2)saq—sa=(1+2)"—-1, = XHla 
Then fee (1+7)"—1, : 

2 | sat = (1-+2)"—1, ee 
+91 4. Xib 


J 

Formula XIIIb, then, is the formula to be used in computing the 
amount of an annuity of 1 per period for n periods at compound 
interest at the rate 7 per period. fe t is easy to remember this formula 
by noting that the numerator, (1+7)”—1, is the formula for compound 


- interest. Hence, the formula may be expressed i in words as follows: 


The amount of an annuity of 1 per period equals the Compong interest 
of l divided by the rate. e 
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The amount of an annuity of 1 per year for 6 years at 3% compound 
interest, as already our in tabular ae may now be verified by 
formula: 


=" 003. = 0.03 0.03 


If the rental of an annuity is P, the amount of the annuity is found 
by first computing it for 1 and then multiplying by P. 
Rental=P-sa XIV 

For example, in the case just considered, if the rental is $2,500.00 per year, 
the amount is $2,500.00 x6.46841, or $16, 171 00. 

Annuity tables are available for use in the solution of annuity 
problems. The use of such tables often saves considerable time. A 
section of a table giving the amount of an annuity of 1 for various 
values of 7 and 2 is given on page 982. 

Reference to this table in the sq column opposite 6 reveals that the amount 
of 1 per annum for 6 periods at 3% compound interest is 6.4684, the same as 
computed above. 


Sinking-fund accumulation 


One application of the mathematics of annuities is the preparation 
of sinking-fund schedules. Sinking funds are used frequently by 
municipalities to retire issues of bonds. Industrial, utility, and rail- 
road companies also employ this means of retiring bonded indebted- 
ness. The sinking fund may be established voluntarily or may be 
required by the bond indenture. In any case, periodic amounts are 
paid into a fund and the fund money invested in marketable securities 
or used to acquire outstanding bonds of the issue to be retired. Fre- 
quently a trustee is designated to receive and invest the funds. The 
annuity formula is used to make sinking-fund computations. 


Illustrative Problem : . 
Assume, for example, thar a small city has just issued and sold. 


$100,000.00 of 10-year, 3; 5% bonds to provide funds for a city hall. 


What annual amount will co to be placed i ina sinking fund to retire 
all of the bonds at maturity, assuming that the sinking fund will 
earn an average of 3% through purchases of the city’s own bonds or — 
other marketable securities? Since $100,000.00 is the amount to be 
accumulated,- 


P(1.03)9—1 
| P. sxj=100,000=""-9—* - 
and P -0.000 x0.03 3000. e3 703.05, es 


(1.03)#9—1. 0.3439164 


The result, $8,723.05, is the sum of money required to be paid into the 
sinking fund at the end of each year for ten years in n order to retire all bonds 
at maturity. | 
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In solving for P in formula XIV, we may obtain the value of (1.03) !° 
by ordinary arithmetic, by the use of logarithm tables, or by the use 
of a compound-interest table. If an annuity table is available, the 
work can be shortened somewhat by obtaining the value of sy, or 
(1.03)1°—1 : 
0.03 
should master all of these methods, since he must be able to solve 
= sinking-fund problems with or without the use of tables. 

A sinking-fund schedule should be prepared so that the city officials 
will know at any time how much should be in the sinking fund and 
whether it is necessary to make up any deficiency. The sinking-fund 
schedule for the issue of bonds discussed above is presented in Table a. 


; directly and dividing 100,000 by it. The accountant 


TABLE a 


SINKING-FUND SCHEDULE 
10-year bonds, $100,000 face value, 3% rate 


INTEREST ON ANNUAL TOTAL ADDITION AMOUNT IN 
1 YEAR SINKING-FUND CONTRIBUTION TO TO SINKING FUND 
BALANCE AT 3% SINKING FUND SINKING FUND AT END OF YEAR 
1 8,723.05 8,723.05 8,723.05 
2 261.69 8,723.05 8,984.74 17,707.79 
3 531.24 8,723.05 9,254.29 ,962. 
4 808.86 8,723.05 9,531.91 36,493.99 
5 4.82 8,723.05 9,817.87 46,311.86 
6 1,389.36 23.0 10,112.41 56,424.27 
7 1,692.73 8,723.05 10,415.78 66,840.05 
8 2,005.20 8,723.05 10,728.25 77,568.30 
9 2,327.05 8,723.05 11,050.10 88,618.40 
10 2,658.55 . 8,723.05 11,381.60 100,000.00 


~ TEST YOUR KNOWLEDGE OF BASIC FORMULAE BY THESE PROBLEMS 
49 Harold Keller is the beneficiary of a trust fund of $10,000.00, which is to 
be invested and accumulated until he becomes of age. Assuming that the 
fund will earn 4% compound semi-annually, what will it amount to in 
10 years? 


50 How long will be required for a fund of $5,000.00 invested at 459% com- 


pounded annually to amount to $12,058.57? 

51 At what rate of interest compounded semi-annually will $2,000.00 amount 
to $2,687.83 in 5 years? 

52 Walter Morgan sets aside $500.00 at the end of each year to build up a 
fund for his son’s college expenses. Assuming that the fund is invested 
at 3% compounded annually, how much will be in the fund at the end of 
the fifth year? | ) 

53 A corporation desires to construct a new office building 10 years from 
now. The building will cost about $150,000.00. Assuming that funds 
can be invested at 5% compounded annually, how much will have to be 
set aside at the end of each year to provide the necessary amount in 10 
years? : | 

54 A municipality issues $200,000.00 of bonds due in 25 years. Assuming 
that sinking-fund money can be invested at 3% compounded annually, 
what is the amount of the annual sinking-fund contribution required to 
pay off the bonds at maturity? g 

55 Carl Lund desires to sell his right to receive a semi-annual distribu- 
tion of royalties made by an estate owning oil lands. He has received 
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a relatively uniform amount averaging $2,526.25 for the last 10 distribu- 
tions. It is estimated that these distributions will continue for 20. years. 
If 8% interest is used as a basis for your calculation, what amount 
would you advise Mr. Lund to accept for his interest? | oreo 

56 Mary Jones receives an annuity from an insurance company of $200.00 
per annum, beginning 1 year after the death of her husband. Since she is 
working, she deposits in a savings bank regularly the amount received 
from the insurance company. The savings bank allows interest at 2% 
compounded annually. (a) What amount does Mrs. Jones have in her 
account 2 years after her husband’s death, immediately after depositing 
the $200.00 received at that time? (b) What balance does she have 
A years after her husband’s death? 


INCOME DETERMINATION | I? order accurately to reflect oper- 
AND VALUATION. ating results and financial condi- 


ae tion; all of the items, contained in 
an income statement, a balance sheet, and a statement of proprietorship 
(or surplus) must be carefully computed. If an item of revenue is _ 
overstated, net profit tends to be overstated by the same amount. If 
net profit is overstated, so is net capital, which is increased by the 
amount of the net profit. To offset the overstatement in net capital, 
some asset value is stated too high or some liability item is too low. 
Therefore, an error in income-determination, likewise, is an error in 
balance-sheet valuation. To obtain the correct amount for each revenue 
and expense item in the income statement and the correct value for 
each asset and liability item in the balance sheet, the accounts of an 
enterprise are adjusted periodically. The mathematics involved in 
making these periodic adjustments ranges from the simple arithmetic 
required to apportion fire-insurance premiums to the algebra and 
calculus required for certain valuations of fixed assets. 





Periodic adjustments 


As indicated above, periodic adjustments are necessary to determine 
correctly revenue and expense items and also to value correctly asset 
and liability items. Such adjustments are recorded on the books, 
with the result that the ledger accounts are brought nup to date as 
of a given month or a given year, so that correct statements may be 


_ prepared on an accrual basis. These adjustments have the effect of 


changing account balances, just as ordinary entries have. 

Certain revenue accounts are increased so as to include all revenue 
earned, whether received or not. Other revenue accounts are decreased 
to eliminate items of revenue already received but not yet earned. 
Certain expense accounts are increased so as to include all expenses 
incurred, whether paid or not. Other expense accounts are decreased 
to exclude expense items already paid but not yet incurred. In all 
cases of adjustment, balance-sheet accounts, also, are involved. If 
an expense account is increased, some asset account must be decreased | 
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or some liability account increased. Likewise, a decrease in an ex- 
pense account is offset by an increase in an asset account. In the 
same way, an increase in a revenue account requires an increase in 
an asset account or a decrease in a liability account, and a decrease 
in a revenue account is offset by an increase in a liability account. 

Such adjustments should be made in every case where a ledger 
account does not accurately set forth the true facts as of the date - 
on which the accounting period ends. Since conditions vary from one 
enterprise to another, it is difficult to classify the adjustments that 
are necessary. It is apparent, however, that every income-statement 
item, every balance-sheet item, and every net-worth item should be 
scrutinized to determine whether it is correctly set forth as of the 
date of preparation of the various accounting statements. 

Many of the periodic adjustments require only simple mathematical 
computations. These will be considered first. The revenue from sales 
of merchandise is the difference between net sales and the cost of 
goods sold. The amount of ordinary sales usually is taken directly 
from the records without adjustment, except for returns and allow- 
ances. In determining the cost of goods sold, however, we must com- 
pute the value of the inventory of merchandise on hand and set it 
up on the books as an asset. 3 

Taking an inventory merely means listing all items of merchandise 
on hand, together with quantities and prices, computing the values 
of the individual items, and adding to obtain the total value. In 
pricing each inventory item, we may use either the cost price, the 
present market price, or the lower of the two, provided the method 
chosen is consistently followed thereafter. Revenue from installment 
sales should be included in the income statement only in proportion 
to the cash actually collected on such sales. Likewise, installment 
accounts receivable should be included in the balance sheet only as 
the unrecovered cost of the merchandise sold. Revenues from sales to 
customers in foreign countries are often adjusted because of fluctua- 
tions in foreign-exchange rates, and the cash, accounts-receivable, and 
foreign-exchange accounts involved are revalued periodically in 
accordance with foreign-exchange rates. — 

The method most commonly employed in inventory pricing is cost or 
market, whichever is lower. In valuing an inventory by this method, 
we price each inventory item separately at the cost price or at the 
market price, whichever is the lower. The resulting total inventory 
valuation, therefore, is lower than that which would be obtained by 
using either cost prices or market prices exclusively. 

Income from services—e.g., rent, subscriptions, etc.—is measured 
on a time basis. | 

For example, magazine subscriptions received a year in advance are ap- 
portioned evenly over the months involved. An unearned subscriptions 
account is credited with the full amount received, and, at the outset, this 
full amount is a liability in the balance sheet. After the lapse of one 
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month, = is set up as revenue and the liability is reduced by that amount. 
Thus, the liability decreases month by month as the subscriptions are earned — 
and included in the monthly income statements. 7 
Revenue accruing from investments—e.g., interest on bonds owned— 
is measured in a similar manner. 
For example, if a $1,000.00, 4% 


bond is purchased at face value on 





October 1, the date of issue, a of Fig. 32 


$40.00, or $3.33, should be included in the income statement each month, 
even though the first interest coupon is not clipped until six months have 
elapsed. An asset account, likewise, should be set up and $3.33 added each 
month as the interest is earned, as in Fig. 32. The asset account will have 
a debit balance of $20.00 on the date the interest coupon becomes due, and 
at that time the entry will appear . | 
as in Fig. 33. ee 
When bonds are purchased at a ot 
premium or discount, additional 
mathematical computations are Fig. 33 
involved. These computations are | 
discussed in a subsequent section (page 1033). Certain expense ac- 
counts, also, are computed on a time basis, as will be readily understood. 
_ For example, interest, taxes, and payroll are incurred as time elapses. 
At the end of an accounting period, these expense accounts. must be adjusted 
by adding the amount incurred but | 
not yet paid. If wages and sala- 7 : 
ries of $500.00 are paid weekly 
and the accounting period ends in 
the middle of the week, the payroll 
for half of a week is incurred but 
not paid and the adjusting entry | 
shown in Fig. 34 is necessary. The payroll account is thus increased to the 
total amount actually incurred and a liability set up for the unpaid amount. 
When the week’s payroll is subsequently paid, the entry is made as in Fig. 35. 
The result of the adjustment, 
therefore, is to apportion the pay- 
roll accurately between the two 
accounting periods involved and 
to provide a liability account for 
the balance sheet as of the date ; 
it is prepared. Adjustments are Pige a 
made for taxes and interest in a similar manner, except for interest on 
bonds payable when the bonds were sold at a premium or discount.. 
These computations will be discussed later (page 1031). 
Expenses which include the cost of materials and supplies are 
adjusted by taking an inventory of the materials and supplies on hand 
and setting up an asset for the amount of their value, the expense 


t 
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accounts being reduced by the same total. To accomplish this, we 
make a journal entry debiting materials and supplies inventory, and 
crediting the respective expense accounts. Expense items which are 
paid in advance—e.g., insurance premiums, rent, etc.—are appor- 
tioned to accounting periods on a time basis. When insurance premiums 
are paid, an asset account for prepaid insurance premiums is usually 
‘debited. At the end of each accounting period thereafter until the 
policies expire, an adjusting entry is made, setting up an expense 
account for insurance premiums and reducing the asset, prepaid | 
insurance premiums. The journal entry in each case is to debit an 
insurance premiums account and to credit the prepaid insurance 
premiums account which was previously set up. The determination 
of expenses such as depreciation of buildings and equipment, depletion | 
of oil land, and amortization of leaseholds requires the use of mathe- 
matical formulae of a more complicated nature. These are developed — 
in a subsequent section (page 1037). In other respects, however, the 
procedure in making the adjustments is the same as outlined above. 
-` In each case, the journal entry is to debit an expense account and to 
credit a valuation reserve account. 


TEST YOUR KNOWLEDGE OF ADJUSTMENTS 


57 The Brown Clothing Store had an inventory at the beginning of the year 
of $2,500.00. At the end of the year, the inventory was $3,000.00. 
During the year, the purchases amounted to $15,000.00, returns and 
allowances to $200.00, freight and cartage to $100.00, and cash discount 
to $300.00. Compute the amount of the cost of goods sold. 


58 The Scranton Dry Goods Company purchased during the year coal cost- 
ing $10,000.00. At the beginning of the year, coal was inventoried at 
~ $2,000.00; at the end of the year, the inventory was $1,500.00. What 


was the amount of the expense for coal used? 


59 The Walton Manufacturing Company pays its employees every Tuesday 
for the week ending the previous Saturday. Accrued wages at the 
beginning of the year amounted to $1,000.00; the amount paid during 
the year was $55,000.00; and the amount accrued at the close of the year 
was $800.00. What was the salary expense for the year? 


60 The Long Life Insurance Company owns $10,000 face value of 6% bonds 
on which the interest is payable April 1.and October 1. These bonds 
were purchased on April fof the current year. The books are closed on . 
December 31. How much interest was earned in the current year? 


61 The Jones Steel Company purchased a 3-year fire-insurance policy on 
July 1 for a premium of $6,000.00. At the beginning of the year, the 
prepaid-insurance-premiums account had a balance of $4,000.00, repre- 
senting two-fifths of the original premium on a 5-year fire policy. The 
books are closed at the end of the year. Compute the current year’s 
expense for insurance. 


62 You are called in by a merchant who is very much concerned about his 
balance sheet and income statement for the year. An accountant had 


> 
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f installed books for him when he began business a year ago and his hook- 
P keeper had prepared the statements from the books, which were kept in 


accordance with the instructions of the accountant. (Fig. 36.) 


STATEMENTS PREPARED BY BOOKKEEPER—BEFORE ADJUSTMENT 


ASSETS 
vasn 
Accounts receivable 
Investments 


DR Store buildings 


Prepaid insurance 


Balance Sheet 


$ 5,750.00 
10,000.00 
5,000.00 
20,000.00 
250.00 


$41,000.00 
Se 


Accounts payable 

Rent receivable in 
advance 

Net worth 


Income Statement 


6,000.00 


$50,000.00 


42,000.00 
$ 8,000.00 


$12,000.00 
18,000.00 


$10,000.00 
1,200.00 


$ 8,800.00 


36 


LIABILITIES AND CAPITAL 


$14,800.00 


1,200.00 
25,000.00 


$41,000..00 


You explain the necessary adjustments to the proprietor and his book- 


ADJUSTING ENTRIES 


Inventory of merchandise 12/31 
To Cost of goods sold 
Inventory of office supplies 
To Administrative expenses 
Accrued interest on investments 
~ To Interest on investments 
Sales salaries 
_ To Sales salaries accrued 
Rent received in advance 
To Rent income 
Insurance expenses 
To Prepaid insurance 
Depreciation on buildings 
To Reserve for depreciation 
Bad debts 
To Reserve for bad debts 


| te ‘ 
Sales 
Cost of sales:. 
Purchases 
Gross profit on sales 
Expenses: 
= Selling expenses 
Administrative expenses 
Net loss on sales 
Other income | 
Net loss 
Fig. 
keeper as follows: 
EFFECT ON EFFECT ON 
ADJUSTMENT ITEM BALANCE PROFIT AND 
SHEET Loss STATEMENT 
Inventory of Increase an Decrease cost 
merchandise asset of goods sold 
Inventory of Increase an Decrease an 
supplies asset expense 
Accrued income Increase an Increase an 
receivable asset income item 
Accrued expenses Increase a Increase an 
payable e liability expense 
- Deferred income Decrease a Increase an 
(Credits) liability income item 
Deferred expenses Decrease an Increase an ' 
(Charges) asset expense 
s Reserve for Decrease an Increase an 
depreciation asset expense 
Reserve for Decrease an Increase an 
bad debts asset expense 
Prepare correct balance sheet and income statement. 


Bond valuation 


DEBIT CREDIT . 


13,000 
13,000 

100 
100 

75 
75 

200 
S 200 

400 
400 

50 
50 

300 
300 
250 
250 


Bonds appear on balance sheets in two different places, as bonds 
owned on the asset side, and as bonds payable on the liability side. 
In both cases, it is necessary to make computations periodically to 
determine the value for balance-sheet purposes and the revenue or 
expense for income-statement purposes. Since the computations are 
the same in both cases, only the valuation of bonds owned is considered. 








_ The balance-sheet value of a bond owned depends upon two things: 
the present value of the principal amount due at the date of maturity 
and the present value of the coupon amounts due periodically until the 
bond matures. In all cases, the value depends upon the rate of interest 


used, the time involved, and the principal and coupon amounts. If 


a bond is purchased at face value and is to be valued on the basis of 
the coupon rate of interest, its value, aside from accrued interest, 
will always be the face amount. Seldom, however, are bonds purchased 
at face value or valued on the basis of the coupon rate. A bond pur- 
chased at a discount and valued upon the basis of the yield rate will 
_ have a value below the face amount. The value, however, will steadily 
increase until it exactly equals the face amount at maturity. On the 
other hand, a bond purchased at a premium and valued on the yield 
basis will have a value above the face amount, but this value will 
decline periodically until it, likewise, will exactly equal the face 
amount at the date of maturity. 


Illustrative Example A 


A balance sheet is being prepared as of the close of a given ac- 
counting period. A $1,000 bond is owned and is to be valued for 
balance-sheet purposes. The bond will mature in exactly 4 years. 
Interest is payable semi-annually at a coupon rate of 5% per annum, 
and the bond was purchased several years ago at a price to yield 6%. 
What is its value? 

The present value of the principal amount of $1,000.00 due in 4 years on 
a 6% semi-annual basis is found by using the compound interest present 
value formula or compound interest table (See p. 982, col. 3): 

1 
gogy 0.78941, 


0.78941 X 1,000 = $789.41. 


The present value of the eight semi-annual coupons of $25 each on a 6% 
semi-annual basis is found by using the formula or table for the present 
worth of an annuity (See p. 982, col. 5): 

| LOIA 
OL e 
7.020:X 25=$175:50. 


The present value of the bond is found by adding the two amounts above 
determined, namely: 3 





Present value of principal $789.41 
Present value of coupons 175.50 
Present value of bond $964.91 








The difference between the balance-sheet value and the maturity value 
of a bond at a given time is the amount of discount or premium. This bond 
is valued at a discount of $35.09, the difference between $1,000.00 and $964.91. 


This discount is amortized over the remaining life of the bond. The amount 
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amortized at the end of each period is added to the interest to obtain the 


correct amount of income from the bond for the period. The periodic amorti- _ 


zation and the increasing value of the bond as the pet cle date approaches 
are illustrated in the schedule shown in Table b. 


TABLE b 


SCHEDULE OF BOND AMORTIZATION 


$1,000, 5% coupon bond purchased on 6% basis 
BALANCE-SHEET ` 


VALUE AT INTEREST AT 6% BALANCE-SHEET 
PERIOD BEGINNING OF ON BEGINNING COUPON, AMORTIZATION VALUE AT END 
6-MONTHS’ BALANCE-SHEET 5% ON OF OF 6-MONTHS’ PERIOD 
PERIOD VALUE FACE VALUE DISCOUNT PERIOD 
Ist 964.91 28.95 25.00 3.95 968.86 Ist 
2d 968.86 29.06 25.00 4.06 972.92 2d 
972.92 29.19 25.00 4.19 977.11 3d 
4th 977.11 29.31 25.00 4.31 981.42 4th 
5th 981.42 29.44 25.00 4.44 985.86 5th 
6th 985.86 29.58 25.00 4.58 990.44 6th 
7th 990.44 29.71 25.00 4.71 995.15 7th 
Sth 995.15 29.85 25.00 4.85 1,000.00 8th 


The periodic amortization of the discount is recorded on the books. Fig. 37. 


shows the journal entry at the end of the first period. The amortized value 
of the bonds is set forth in the balance sheet, while the amount of the interest 
coupon plus the amortization of the discount is put in the income statement. 
_ The procedures followed in val- | 

ving a bond purchased. at a zz zez TA om 
premium and the amortization TTT bloat 
of the premium are the same as TEETH 
described above. A bond pur- BRC acd 
chased at a premium is, of course, © 
reduced in value each period, and 
the amount of the periodic amortization is deducted from the amount 
of the coupon to obtain the interest earned for each period, In the 
following example, a different method of computing the amortized 
value is used. It is equally applicable to bonds purchased at a discount. 



















J llustrative Example B 


A $1,000, 5% bond is purchased 2 years prior to maturity at a price 
to yield 4%, on the investment. What was the purchase price? Prepare 


a schedule of amortization. 
The semi-annual coupon of $25 may be looked upon as being composed of 


two parts, one part the interest yield on the bond investment and the other 
part a refund on account of the premium. Since the yield rate is 4%, a $20- 


semi-annual coupon is necessary for the bond to have a value equal to the 


face value of $1,000.00. The extra amount of $5.00 due semi-annually is the - 


measure of the amount of the premium paid. All that is necessary, then, to 


compute the amount of the premium is to find the present value on a AM, 


basis of an annuity of $5 payable semi-annually, 
| ag = 3.807728 
5 X3.808 = $19.04, the amount of the premium. 
The purchase price was, therefore, $1,019.04. 
Table c presents the amortization schedule. Table d is an illustration 
of a bond table, which may be used to facilitate the computation of bond 
aes and yields. 





Í 
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TABLE €e 


SCHEDULE OF BOND AMORTIZATION 


$1,000, 5% coupon bond purchased on 4% basis 
BALANCE-SHEET 
VALUE AT INTEREST AT 6% BALANCE-SHEET 
PERIOD BEGINNING OF ON BEGINNING COUPON, AMORTIZATION VALUE AT END 


6-MOoNTHS’ BALANCE-SHEET 5% ON O oF 6-MoNTHS’ PERIOD 
PERIOD VALUE FACE VALUE PREMIUM PERIOD . ; 
Ist $1,019.04 $20.38 $25.00 . $4.62 $1,014.42 Ist 
2d 1,014,42 20.29 25.00 4,71 1.009.71 2d 
3d 1,009.71 20.19 25.00 4.81 f 1,004.90 3d 


4th - 1,004.90 ` 20.10 25.00 4.90 1,000.00 ' 4th 


TEST YOUR KNOWLEDGE OF BOND VALUATION BY THESE PROBLEMS 


63 A corporation issues $100,000 of 5%, first-mortgage bonds, maturing 


in 10 years. Interest is payable semi-annually. The bonds are sold at 


a price to yield the investors 4570- Compute the amount of bond premium. 


64 Compute the amount of premium to be amortized at the end of the first 


period and the interest cost for the first period for the bond liability of 
problem 63. 
65 An insurance company purchased a $1,000,000 issue of bonds as an in- 


vestment. The coupon rate was 5570s payable semi-annually. The 


bonds are redeemable in 20 years at 110 and were purchased at a price 
to yield the insurance company 4% on its investment. (a) What was the 
balance-sheet value of the bonds at the time they were purchased? 


(b) What was the balance-sheet value a year later? (c) What was the 


income on the bonds for the year? 


66 Using the bond table, determine the balance-sheet value of $100,000 of 


bonds owned if the coupon rate is 5% payable semi-annually, the yield 
is 6%, and the bonds mature in 15 years. 
67 On the asset side of a balance sheet is an asset, “Discount on bonds, 


$4,265.10”, representing the unamortized discount on $100,000 of bonds 


payable. The coupon rate on the bonds is 5% payable semi-annually and 
the bonds have 5 years to run to maturity. (a) Compute the amount of 
discount that should be amortized at the end of the next 6-months’ 
period. (b) Compute also the interest cost for the next 6 months on this 
issue. 

68 A $10,000 bond was purchased at a cost of $10,138.46. It matures in 3 
years and bears interest at the rate of 5% payable semi-annually. What 
is the yield to the investor? 

69 A city offers for sale on January 1, 1944, an issue of bonds amounting 
to $150,000 bearing interest at 3%, payable semi-annually. The bonds 
are to be retired serially, $10,000 at the end of each year, beginning 


with December 31, 1944. What price should be paid to yield 25% on the 





investment? 
TABLE d 
TABLE OF BOND VALUES 
; Interest at 5%, payable semi-annually 
& 
ae epee 5 YEAR 10 YEAR 15 YEAR 20 YEAR 
(3G 109,222.19 117,168.64 124,015.84 129,915.85 
th 104,491.29 108,175.72 111,198.23 113,677.74 
5 100,000.00 100,000.00 100,000.00 100,000.00 
6 95,734.90 92,561.26 90,199.78 88,442.61 
1% "91,683.40 - 85,787.60 — 81,607.96 78,644.93 
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Leaseholds 


A leasehold represents a prepayment of a rental on real estate 
for a definite period. A leasehold may be acquired direct from the 
owner or purchased from a lessee with the approval of the owner. In 
either case, the value of the leasehold may be looked upon as the 
present worth of a periodic rental at an assumed rate of interest. 


Illustrative Problem 
If a manufacturer desires to obtain a 10-year lease on a plant and 
to pay the entire rental in advance, how much should he offer if the 
monthly rental is $500.00 payable in advance and interest rates are 
around 6%? 7 3 | 


The formula for the present worth of an annuity is 
| PE 2 CEES en 
ier r 2 ¢ 2) ADEDE 
_ However, since all rental payments are payable at the beginning of the 


period instead of at the end, the present value of a rental of 1 per period 
is the present value of an annuity due—namely | 


ap o (1+5”—1 Sz 
(1+5) times Zm, OF ip"? or appt XVI 


Therefore, the present value of the leasehold is 
$500(1.005) aisq, or $45,261.91. 


Since the lease is to run for 10 years and the rent is payable monthly, 
120 rental payments are involved. The interest rate is 6% per annum, or 








5 of 1% (0.5%) per month. From an annuity table, we find the value of 


amg at 0.5% to be $90.07345. This amount must be multiplied by 1.005, 


since all rentals are due in advance. The present value of an annuity due 


of 1 is, therefore, 
$90.07345 X 1.005 = $90.52382, 
and - 500 $90.52382 = $45,261.91, as above. 


(The same result is obtained by using the formula. The present value. 
of an annuity due is arm l—i.e., atg = 89.52382; adding 1 gives 90.52382 


as above.) | 
AMORTIZATION 


Another problem in connection with leaseholds is the problem of — 
amortization—t.e., the computation of the amount to be charged to 
expense during a given month or year and also the value for balance- _ 
sheet purposes at periodic intervals. From the standpoint of the 
lessor, also, the amount to be included in the balance sheet as a lia- 
bility and the amount of rent earned must be computed periodically. | 
The leasehold is set up on the books of the purchaser as an asset at 
the amount paid. The entry is shown in Fig. 38. Likewise, the amount 





XV 








1036 | | PRACTICAL MATHEMATICS 





mavolved is set up on the books of the lessor as a liability. (Fig. 39.) 
The straight-line method of amortization may of course be used. 
ane involves writing down the amount of the asset or liability by 


A of $45,261.91 each month or 


gooo aa 










120 Gaseketds | dii TT 
I Febio! 
by 5 each year, the offsetting a te ale 


entry being to rental expense or Figs 


rental income as the case may be. 5 
The straight-line method, while the most commonly used, does not 
give a correct valuation on an interest basis of the asset or liability 
account nor does it give a correct measurement of the expense or 
income item. The method employed in valuing the leasehold at 
the time of its transfer does, 


o meee OS SS SS SS ES | TE eS See ee oe ee 















however, give a correct amortiza- eah |e 
Pe ea seven EE 
At the end of one year, by thio {THT 


method, the balance-sheet value of 
the leasehold is reduced to Fig. 39 

500 X 1.005475 (or 500 X 1.005 X83.293424, or 500 X83.709891) or $41,854.95. 

Therefore, the amount of expense to the tenant or of income to the landlord 
for the first year is $45,261.91 minus 

$41,854.95, or $3,406. 6,0 ee 


The amount of expense or in- [aap epee He Jal 
a year (Se eeeeeess IP ered 


| 

and the balance-sheet value at the em ee Pe prc d 
end of each year are computed in Saas 

a similar manner. The amount 
written off each year becomes larger and larger, however, because 
of the declining effect of interest. Tf we desire to show the original 
rental figure in the income statements, we may accomplish this by 
using an interest account. 

In the case just discussed, the entry on the books of the lessee at the end 
of the first month would then be 
recorded as in Fig. 40. At the end Fetes) 
_ of the second month, it would appear 
as in Fig. 41. 

The amount of the leasehold amort- 
ization is computed by formula as 
before. The amount of interest in- Pig ee | 
volved at the end of the first month is computed by subtracting the rental for 
one month in advance from the leasehold valuation and then determining one 
month’s interest on this balance: | 









ie 
orsz 
aolas 





Leasehold valuation $45,261.91 
Rental, one month in advance , — -500.00 

$44,761.91 
Interest, one month, on balance x 9.005 


Interest income (or expense) $:; 2223.8) 


As an exercise, prove the amount of interest in the entry for the second month. 
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If the conditions under which a leasehold is purchased or sold — 
differ from those above, the mathematical result is different, but the 
same principles apply in all cases. | 7 


TEST YOUR KNOWLEDGE OF LEASEHOLDS BY THESE EXERCISES 


70 The Quality Food Market acquired a leasehold by paying the present 
value on a 6% basis of 3 annual rentals of $1,000.00 each, due in advance. 
What was the purchase price of the leasehold? : 


71 At what value should the leasehold in problem 70 appear as an asset on 
the balance sheet of the Quality Food Market at the end of one year 
(a) if computed on a straight-line basis; (b) 1f computed on an interest 
or annuity basis? 


72 What amount should appear as rental expense in the income statement 
of the Quality Food Market for the first year after the purchase of the 
leasehold (a) if computed on a straight-line basis; (b) if computed on 
an annuity basis? 


73 What amount should the Quality Food Market include in its income 
statement as interest income, if it desires to show $1,000.00 as rental 
expense the first year? 


74 If a 10-year leasehold is purchased for $100,000.00, what annual rental 


is contemplated by the purchaser if interest rates are around 4%? 


75 The White Manufacturing Co. has a lease which still has two years to run 
and on which no advance payments have been made. The annual rental 
is $5,000.00, payable in advance. Since rentals have recently been rising, 
another manufacturing company offers to purchase the lease from the 
White Co., assuming liability for the two unpaid rentals and paying 
an additional amount based on a $7,500.00 total annual rental and a 6% 
rate of interest. What is the amount of the offer? 


Depreciation 


Depreciation is an expense or a loss. Certain assets employed by 
an enterprise are in service for a considerable period of time. During 
that time, they decline in value because of wear and tear, action 


of the elements, obsolescence, inadequacy, and untoward events. To 


the extent that depreciation is anticipated and provided for in the 
accounts, it is treated as an expense; to the extent that it is unexpected, 
it is treated as a loss. In either case, it is a shrinkage in asset value — 
and hence tends to decrease net capital. . 

Only certain assets are said to depreciate—namely, such assets. as build- 
ings, equipment, etc., which have been built or manufactured, which are 
used in the conduct of the enterprise and which are subject to physical de- 
terioration or obsolescence. Land does not depreciate, but coal, oil, timber, 
and mineral land are subject to depletion—i.e., the actual removal of the 
natural resource. Merchandise manufactured or purchased for sale is held 
for such a short time that ordinarily it is considered as not depreciating. ` 
_ The problem of accounting is to anticipate the amount of deprecia- 
tion and to record it on the books as an expense as it occurs. The 











solution of this problem involves mathematics as well as engineering © 
and economics. The various methods of apportioning the total depre- 
ciable value are advanced to meet special conditions or theories. 
The straight-line method 1s based on the assumption that depreciation 
is a function of time. The constant percentage of diminishing-value 
method is designed to equalize costs. Various interest methods have 
_been developed in an attempt to introduce interest as a factor in the 
cost of using assets. The unit-cost method is based on the assumption 
that the cost of a unit of product should be the same as for a new 
machine. Production and revenue methods are designed to depreciate 
assets in accordance with the use of the assets. These methods are 
here considered to the extent that they involve mathematics. In all 
cases, the amount of depreciation apportioned is the same—namely, 
the cost of the asset, plus estimated demolition and removal charges, 
less estimated salvage revenue. The term, scrap value, as here used 
means the estimated salvage value less the estimated cost of removal 
and sale. 


THE STRAIGHT-LINE METHOD 


The simplest and most commonly used method of computing the 
amount of periodic depreciation 1s the straight-line method. The name, 
straight line, follows from the fact that, under this method, the 
amount of depreciation is the same for each accounting period. Con- 
sequently, when the data are plotted in relation to codrdinate axes, 
a straight line results. The formula for computing the amount of 
depreciation under the straight-line method is developed as follows: 


Let C=the cost of the depreciable asset at the time it is acquired, 
D=the periodic amount of depreciation, | seed 
V=the book value of the asset at the end of any given accounting 
period, , 
t= the age of the asset at the end of any given accounting period, 
n=the life of the asset—7.e., the number of accounting periods over 
which the depreciable value of the asset is to be apportioned, 
d=the rate of depreciation—i.e., the per cent of cost per accounting 
period, : 
- and S=the scrap value, trade-in value, or residual value of the asset 
i at the end of its useful life or at the time it is scrapped, traded 
in, or otherwise disposed of. 





Then a Be DE z S XVII 
D 
d=2, Xvi 
and V=C— Dt. XIX 


The amount of periodic depreciation depends upon the cost of the 
asset, the estimated scrap value, and the number of) periods it is 
planned to use the asset. 7 
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Formula XVII is used to compute the amount of depreciation to be 
charged as an expense during a given accounting period. An entry is 
then made debiting a depreciation expense account and crediting the 
asset account, or a new account entitled “Reserve for depreciation”. 
‘The rate of depreciation is obtained with formula XVIII. Formula XIX 
gives the book value of the asset as of any given date. | 


Illustrative Problem 


The Penn Food Store uses auto trucks to deliver merchandise to 
customers. It follows the policy of trading in its trucks at the end 
of 3 years of use. A new truck is purchased on January 2, 1943, at 
a cost of $2,000.00. It is estimated that the trade-in value at the 
end of 3 years is $560.00. What is the amount of annual depreciation? 
What is the amount of depreciation per month? 

Substituting in formula XVII, 

nal — S 
n 
~ 2000-560 _ 
ee ie 
_ 2000-560 _ 


or . Die ag AO | 


Therefore, the amount of depreciation annually is $480.00 and the monthly 
amount is $40.00. 


The rate of depreciation, d, is found by using the formula, d =5, and the 
result in this case is 


q= ATA per annum (or 2% per month). 


To find the book value of the truck 
at the end of, say, 18 months, we use 
the third formula, V=G— Dt > Sub- 
stituting, 


V =2000—40 X18 =$1280. 

In this formula, C and D are. con- 
stants, ¢ is the independent variable, 
and V is the dependent variable. The 
locus of a point whose equation is 
V=C—D¢t is a straight line. For the 
problem in question the only values of- 
tł and V of any significance are those 





480 





Fig. 42 
between O and 3 for ¢ and 2000 and 560 for V. The segment of the straight — 


line plotted for values within these limits is shown in Fig. 42. 


_ Variations of the straight-line method are the units-of-output method 

and the productive-hours method. Under these methods, the total 
units of output and the total productive hours of an asset, respectively, 
are substituted for the life of the assets in periods of time. 
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TEST YOUR KNOWLEDGE OF STRAIGHT-LINE METHOD 


76 Determine the annual amount of depreciation and the annual rate of 
depreciation for an auto truck, costing $5,000.00, which it is anticipated 
will be traded in for another truck in 4 years at $950.00. : 


77 Compute the book value of the truck at the end of 3 years. 


78 A milling machine in a factory cost $12,000.00. It is estimated that 
it will have a useful life of 10 years and a scrap value at the end of that 
time of $500.00. Compute the amount of depreciation (a) for 1 year 


and (b) for 1 month. (c) Compute the book value at the end of 55 years: 


79 A machine was purchased at a cost of $50,000.00 on January 2, 1937. It 


was depreciated at the rate of 12% per annum. (a) What was the book 
value on December 31, 1943? (b) If it was sold at that time for $5,000.00, 
was there a loss or a gain on the sale? How much? (c) What was the 
amount of depreciation per month? 


80 A machine costing $4,500.00 on January 2, 1939, was depreciated at the 
rate of 18% per year. On November 1, 1943, the machine was scrapped 
and sold. The cost of dismantling and disposing of the machine was 
6250.00; the salvage amounted to $600.00. Was there a gain or a loss 
on the sale of the machine? How much? : 


81 A manufacturing company purchased a machine for $20,000.00, and, 
after depreciating it at the rate of 10% of cost per year for 8 years, rebuilt 
it at a cost of $4,000.00. What was the book value of the machine at the 
end of the eighth year (a) before rebuilding; (b) after rebuilding? 


82 Assuming that the-machine after rebuilding has a remaining life of 5 
years and a scrap value of $400.00, compute the new rate of annual 
depreciation. 


FIXED PER CENT OF BOOK VALUE METHOD 


The most serious objection to the straight-line method of computing 


depreciation is that its use does not result in a uniform periodic cost 


for repairs and depreciation together, and the resulting book value 
of the asset does not approximate its trade-in value. Ordinary repairs 
are necessary to maintain a depreciable asset in good working condi- 
tion. These repairs are light during the early life of the asset and 
become heavier as the asset grows older. To equalize the periodic 
cost of using an asset, depreciation should be heavier at first and: 
become lighter each subsequent period. If this plan is followed, — 
repairs and depreciation tend to complement each other, since the 
amount of the one increases period by period while the amount of the 
other decreases. Furthermore, it is a well-known fact that the trade-in 
value of an asset decreases more rapidly (absolutely) during its early 
life than later. | 

To meet these objections, a method of computing depreciation 
known as the fixed per cent of book value (or constant percentage of 
diminishing value) method has been devised. Under this method, the 
amount of depreciation of an asset is the greatest during the first 
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açcounting period after acquisition and decreases for each subsequent 
period. The formulae involved are computed as follows: 


Let C=the cost of the asset, 
D=the amount of depreciation for a given peno 
V =the book value of the asset at the end of a given period, 
t#=the age of the asset at the end of a given period, 
n=the life of the asset, | 
d=the rate of depreciation—i.e., the percentage applied to book — 
value to obtain the amount of depreciation for a given period, 
and S=the scrap value. 
The amount of depreciation for the first period is then the cost of the - 
asset times the rate of depreciation, or | 
Dy=dC. 
For the second period, it is the book value (C— times the rate, or 
D:=4(C— D) =d(C—dC) =dC(1— 
; and, for the third pened 
D3=d(C—D,—D2) =d|C—dC—dC(1—a)] 
=dC{1—d—d(1—d)|=dC[1—d— oe 
| = dC{1—2d+a?| =dC(1—d)?. 
Then, by mathematical induction, oo 
D,=dC(l—d)'-4. XX 
This is the formula to compute the amount of depreciation for any 
given period. Merely substitute the number of the period in place of 
t, the cost in place of C, and the rate in place of d. 
The book value of the asset at the end of any given year also is 
determined by a formula. This formula is developed as follows: 
At the end of the first period, the book value is the cost minus the depreci- 
ation for the first period, or 
V,=C-—de. 
At the end of the second period, the book value of the asset is its cost 
minus the depreciation for the first two periods, or __ 
Ve=C—[dC+dC(1—d)|=C—dC—dC+2C= C1 —2d+a’) =C(1—d)?. 
Then, by mathematical induction, the formula for computing the book 
value at the end of any aS period is | 
= C(1—d)'. XXI 
At the cnd ofn years, e ok value and scrap value are the same; hence, 
V,=CA—d)*=S. 
The formula for computing the rate of depreciation, then, is developed © 
from the preceding. 


If | s=- gë 
Then | (1—d)"*=— T 
a= ra 
C 
S 


dzi- = XXII 
C | 
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- In solving depreciation problems under the constant percentage of 
diminishing value method, we usually find it necessary, or at least 
desirable, to use logarithms. This is especially true where we desire 
to find the rate of periodic depreciation. : 


Tinswatioe Problem 


A manufacturing company purchased a special machine for 
$25,000.00 and decided to depreciate it at the rate of 10% per annum 
on book value. What was the amount of depreciation the first year? 
The second? The tenth? . 

| Formula XX: D,=dC(1—d)'-1. 

The amount of depreciation the first year was 10% of $25,000.00, or 
$2,500.00. 7 
_ The amount of depreciation the second year was 

D:=0.10 X25,000(1 — 0.10}! =2,500 x 0.90 = $2,250.00. 
The amount of depreciation the tenth year is computed by using logarithms. 
| Dı=0.10 X25,000(1 —0.10)1°=2,500(0.9)!9 
- log 0.9=0.954243 —-1 
Multiply by 10 
| 9.54243 — 10 
Add log 2,500 3.39794 
12,94037 —10 


2.94037 = log of 871.71 
Dio = $871.71. 


TEST ON FIXED PER CENT OF DIMINISHING VALUE METHOD 


83 A manufacturing company purchased a machine for $5,000.00. The 
machine is estimated to depreciate to a trade-in value of $840.35 in 
5 years. The rate of depreciation is found to be 30% of book value each 
year. Compute the amount of depreciation for (a) the first year, (b) the 
third year, (c) the fifth year. (d) Now prove that the rate was computed 
correctly by showing that the book value at the end of 5 years is the 
trade-in value. : | 


, 84 The Manchester Machine Manufacturing Company owns a lathe, costing | 


$3,000.00, estimated to have a life of 10 years. It is being depreciated 
at the rate of 20% of book value each year.. What is the book value at 
the end of (a) 5 years, (b) 8 years? (c) What estimated scrap value was 
used in computing the 20% rate? | 

85 If a machine costing $10,000.00 is depreciated each year at the rate of 
11% of book value, in how many years will its value be reduced to the 
estimated scrap value of $542.92? 

86 Find the rate of depreciation by which a building costing $2,400.00 
must be reduced each year for 15 years so as to have a book value of 


$400.00 at that time? : 


87 Determine the annual rate of depreciation to apply against the book value 




















ACCOUNTING _ 1043 





of an auto truck costing $2,500.00 which it is planned to trade in at 
$650.00 toward the purchase of a new truck at the end of four years. 

88 A retail store has for 10 years been depreciating a warehouse at an annual 
rate of 10% on book value. What was the cost of the asset if book value 
is now $6,972.00? i 

89 (a) Which is the more advantageous purchase, an auto truck costing 
$2,000.00, lasting 4 years, and having a trade-in value of $819.20, or 
one costing $1,800.00, lasting 3 years, and having a trade-in value of 
$1,029.22? (b) What is the saving in depreciation expense in the third 
year? 


GEOMETRIC-PROGRESSION METHOD 


The fixed per cent of book value method of computing depreciation, 
just discussed, results in a series of periodic depreciation charges 
which constitute a geometric series. The ratio between the amounts 
of depreciation for successive periods is constant. In the depreciation 
table (shown in Table e) for an asset costing $1,000.00 and reduced 
to a book value of $100.00 in 10 years, the ratio between any depre- 
ciation amount and the one immediately preceding it is always 79.433%. 

Thus, 163.37+ 205.63 =0.79433, 3 
and 129.77- 163.37 =0.79433, 


etc. 





TABLE e 
TABLE OF DEPRECIATION—FIXED PER CENT OF BOOK VALUE 
Asset costing $1,000 reduced to $100 in 10 years; depreciation rate, 20.57% 


Book VALUE DEPRECIATION Book VALUE ACCUMULATED 
YEAR AT BEGINNING ADJUSTMENT MADE AT END OF DEPRECIATION YEAR 
OF YEAR AS OF END OF YEAR YEAR TO END or YEAR 

Ast ` 1,000.00 205.67 794.33 205.67 ist 
2d 794.33 w 163.37 630.96 369.04 2d 
3d 630.96 129.77 501.19 498.81 3d . 
4th 501.19 103.08 398.11 601.89 4th 
5th ` 398.11 81.88 316.23 683.77 5th 
6th 316.23 65.04 251.19 748.81 6th 
Ith 251.19 51.66 199.53 800.47 7th 
8th 199.53 41.04. 158.49 841.51 8th 

9th 158.49 32.60 . 125.89 874.11 9th! 

10th 125.89 25.89 100.00 900.00 10th 





The series of periodic depreciation amounts shown in Table e, 
however, is but one of an infinite number of geometric series that can 
be set up to depreciate a $1,000.00 asset to $100.00 in 10 years. It is 
necessary merely to fix the ratio between successive depreciation 
amounts and then make the computations according to the formula 
for the sum of a geometric series. This formula is developed as follows: 
Let C=the cost of the asset when acquired, 

S =the scrap value or trade-in value, 

D,=the amount of depreciation for the first year, 

: r=the ratio of progression, 
and m=the number of periods over which the asset is depreciated. 
Then rD,=the amount of depreciation for the second period, 
and 7?Dı= the amount of depreciation for the third period, etc. 























TABLE f 


TABLE OF DEPRECIATION—GEOMETRIC PROGRESSION 
Asset costing $1,000 depreciated to $100 in 10 years; ratio of 0.75 


Book VALUE DEPRECIATION ` Book VALUE ACCUMULATED 

_ YEAR AT BEGINNING ADJUSTMENT MADE AT END OF DEPRECIATION YEAR 
‘OF YEAR AS OF END oF YEAR YEAR TO END OF YEAR 
ist 1,000.00 238.43 761.57 238.43 ist 
2d 761.57 178.82 582.75 417.25 2d 
3d 582.75 134.11 448.64 551.36 3d 
4th 448,64 100.59 _ 348.05 651.95 4th 
5th 348.05 75.44 272.61 121.39 5th 
6th 272.61 56.58 216.03 783.97 6th 
7th 216.03 42.43 173.60 826.40 7th 
8th 173.60 31.83 141.77 858.23 8th 
9th 141.77 23.87 117.90 882.10 9th 

10th 117.90 17.90 100.00 900.00 10th 





The total amount to be depreciated over the 2 periods—namely, C— S— 


-is then found by adding the terms in the geometric series as follows: 


C—S=D,4+rD,+r7Dit+t Ac .+7” 71D, 
Gas XXIII 
The amount of depreciation for the first period is found from formula 


XXIH by solving for Dı, and is as follows: 


pj ae XXIV 


The amount of depreciation for subsequent periods is found by multiplying 
XXIV DY 15:72 595 sg Fe 

The problem of depreciating an asset costing $1,000.00 to a scrap value 
of $100.00 in 10 years can now be solved in an infinite number of ways by 


“merely choosing a ratio and then making the necessary computations. If 


it is desired that each succeeding depreciation amount bear the ratio of 


0.75 to the preceding amount, the computation is as follows: 


(CS) (1—7) _ (1000—100) (1 —0.75) 
ee ea S 1 — (0.75)? 
900X025 E5 

=71 0.056313 0913687 904205. 
Then D: =238.4265 X0.75=178.8199, etc. as in Table f. 


A geometric ratio of 0.9 between successive depreciation amounts results 
in the depreciation schedule shown in Table g. 

-The reader will see from these tables that varying the ratio of 
progression will permit the accountant to obtain any desired alloca- 
tion of depreciation between periods. 

By increasing the ratio, we may make the periodic amounts of 


Di 





TABLE g 


TABLE OF DEPRECIATION—GEOMETRIC PROGRESSION 
Asset costing $1,000 depreciated to $100 in 10 years; ratio of 0.9 


Book VALUE DEPRECIATION Book VALUE ACCUMULATED 
~ YEAR AT BEGINNING ADJUSTMENT MADE AT END OF DEPRECIATION YEAR 
or YEAR AS OF END OF YEAR YEAR TO END OF YEAR 

Ast 1,000.00 138.18 861.82 138.18 Ist 
2d 861.82 124.36 737.46 262.54 2d 
3d 737.46 111.93 625.53 374.47 3d 
4th 625.53 100.73 524.80 475.20 4th 
5th 524.80 90.66 434.14 565.86. 3: 5th 
6th 434.14 81.60 352.54 647.46 ; 6th 
7th 352.54 73.44 279.10 720.90 7th 
8th ; 279.10 66.09 213.01 786.99 8th 
9th 213.01 59.48 153533 -846.47 9th 


10th 153.53 | 53.53 100.00 900.00 10th © 
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depreciation as nearly equal as we desire. As the ratio approaches > 
100%, the results approach those obtained by using the straight-line 
method, which has already been discussed. By reducing the ratio, 
we may make the amount of depreciation charged off in the early 
periods as large as we desire. Thus, the geometric-progression method 
is more flexible than the fixed per cent of book value method, which 
is limited to one geometric series. Furthermore, the asset may be 
depreciated to zero under the geometric-progression method, while 
under the fixed per cent of book value method this is not possible. 
Table h is the depreciation schedule for depreciating a $1,000.00 
asset to 0 in 10 years using a progression rate of 90%. 


TABLE h 


TABLE OF DEPRECIATION—GEOMETRIC PROGRESSION 
Asset costing $1,000 depreciated completely in 10 years; ratio of 0.9 


Book VALUE DEPRECIATION Book VALUE ACCUMULATED 
YEAR AT BEGINNING ADJUSTMENT MADE AT END OF DEPRECIATION YEAR 
OF YEAR AS OF END OF YEAR YEAR TO END OF YEAR 
ist 1,000.00 153.53 846.47 153.53 1st 
2d 846.47 138.18 708.29 291.71 2d 
708.29 124.36 583.93 416.07 3d 
4th 583.93 111.93 472.00 528.00 4th 
5th 472.00 100.73 371.27 628.73 5th 
6th 371.27 .66 280.61 719.39 h 
7th 280.61 81.60 199.01 800.99 th 
8th 199.01 73.44 1295:57 874.43 8th 
9th 125.57 66.09 59.48 940.52 9th 
10th 59.48 59.48 1,000.00 10th 


SINKING-FUND METHOD 


In accounting for depreciation, under ordinary circumstances, no 
thought is given to the future replacement of the depreciated asset. — 
The aim is merely to amortize the cost of the asset over its useful 
life. It is, however, possible to create a sinking fund for the purpose 
of accumulating sufficient funds to replace an asset when it is dis- 
carded. The amount of cash that must be transferred periodically 
to the fund is computed as follows: 





Let C—S=the total depreciable vale oF the asset, 
and n=the life of the asset. 
Then zS cie periodic contribution to the sinking fund. XXV 


7 

For example, a machine costing $1,000.00 and having a scrap value of 
$100.00 at the end of 10 years has a depreciable value of $900.00. To accumu- 
late $900.00 in a sinking fund in 10 years, assuming an interest rate of, say, 
5% compounded annually requires an annual contribution of $71.56, which 
is computed as follows: 


C=. 1000— 100 -900 





= $71.56. 


Sa ees GY 


If the reserve for depreciation is to be increased each period by 
the amount of the addition to the sinking fund, the charge to depre- ° 
ciation for a given period will be the amount of the sinking-fund con- 
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tribution plus the amount of the interest on the sinking fund. The 
accumulation of the sinking fund and the building up of the reserve 
for depreciation are illustrated in Table 1. 


TABLE i 


TABLE OF DEPRECIATION—SINKING FUND METHOD 
Asset costing $1000 depreciated to $100.in 10 years; interest rate, 5% 


ANNUAL DEPRECIATION CHARGE AND ADDITION TO TOTAL IN SINKING 
Book VALUE RESERVE FOR DEPRECIATION FUND AND TOTAL 
YEAR OF ASSET AT ANNUAL TOTAL DEPRECIATION IN RESERVE FOR 
BEGINNING OF CONTRIBUTION TO INTEREST ON CHARGE AND ADDITION DEPRECIATION AT 
YEAR SINKING FUND SINKING FUND TO SINKING FUND END OF YEAR 
ist 1,000.00 71:55 71.55 71.55 
2 928.45 TLDS 3.58 75:13 146.68 
3d 853.32 71.56 7.33 78. 89 225.57 
4th 774.43 71.55 11.28 82.83 308.40 
5th 691.60 71.56 15.42 86.98 395.38 
6th 604.62 71.55 19.77 91.32 486.70 
7th 513.30 71.55 24.34 95.89 582.59 
8th 417.41 71.56 29.13 100.69 683.28 
9th 316.72 71.56 34.16 105.72 789.00 
10th 211.11 71.55 39.45 111.00 


The sinking-fund method of computing depreciation is also an 
example of the geometric-progression method. The ratio of pro- 
gression, however, is over 100% by the amount of the interest rate. 
In the case discussed above, the ratio of progression is 105%. XXIV 
can be used in obtaining the $71.56 in the case above and the suc- 
ceeding amounts may be obtained by multiplying by the ratio, 105%. 

As a matter of fact, the geometric-progression formula is a universal 
formula applicable to nearly all depreciation computations. If the 
progression ratio is under 1, the result is a series of decreasing deprecia- 
tion amounts. If the progression ratio is over 1, the result is a series 
of increasing depreciation amounts. As the progression ratio ap- 
proaches 1, the result is a series of depreciation amounts ap- 








proaching equality. By means of Oi 2 (3.45 6 v7 189 410 
the calculus, we can show that, soo fy E Soo 
when the ratio of progression is 1, B00 SSS 800 
the depreciation amounts are equal 700 700 
600 600: 
and are the same Yas ‘under: the’... SG 
straight-line method. 400 400 
In the formula, 300 300 
1 k 200 200 
7 pe ET 100 100 
Di=(C—S) + y= ro Bie i o 
r a 
04, 273. 46 86 FB 9410 


the substitution of 1 for r results cyarr ILLUSTRATING THE DEPRECIATION 
ie SART OF A FIXED ASSET FROM A "O ; 
in the division of 0 by 0. However, 93 SLOE OF $100 BY VARIOUS 


1 METHODS OF COMPUTATION 


i ; . i aA 
if in the fraction; ———, both the A Straight-line method 
x 1 — y” B Fixed per cent of book value method 
C Geometric-progression method 








numerator and the denominator DiSinking-fund method <, 
are differentiated before the sub- Fig. 43 
stitution of 1 for r, the result is , 
l-r af Saas e E 
Pie Ge) a E ar T E Ee ene 


which is the formula for depreciation under the straight-line method. 
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TEST YOUR KNOWLEDGE OF SINKING-FUND METHODS 


90 Solve problems 86, 87, and 89 by using a geometric-progression ratio | 
of 0.8 in each case. : 


91 Solve the illustrative probem used in the discussion of the sinking- 
fund method (page 1045) by using the geometric-progression formula and 
determine whether the same result is obtained. 


92 Solve problems 86, 87, and 89 by the sinking-fund method using an 


interest rate of 4% compounded annually or a geometric-progression 
ratio of 1.04. . 


ANNUITY OR COMPOUND-INTEREST METHOD 


The annuity or compound-interest method of determining the charge 
for depreciation is based on the principle that the expense of using 
the asset should include not only the amortization of the asset cost 
but also interest on the un- 


amortized book value of the lgspyoeez: F 


asset. The total depreciation 
charge under this method, there- 
fore, is the amount of deprecia- 
tion under the sinking-fund 
method plus interest for the period CERE 
on the remaining book value of Fig. 44 
the asset. There is no reason why 
interest on remaining book value cannot be treated as an expense in 
conjunction with other methods of figuring depreciation, but in 
practice it is generally applied as 
explained above. 

It is not necessary to develop 
a new formula for the annuity 


or compound-interest method. The -Jeter terme | | 
_ procedure involves merely the 


computation of the amount of Fig. 45 

depreciation for each period by 

the sinking-fund method and then the increase of each figure by the 
amount of interest for the period on the beginning book value of 
the asset. The rate of interest used 
in computing the amortization 
may be the same as or different 
from that used in computing the 
interest on book value. The 
method is illustrated in Table J. 
Note that certain of the figures 
are taken from Table i illustrating 
the sinking-fund method. The two 
methods may be contrasted by setting up the periodic journal entries - 
for each method. The record at the end of the sixth year is shown by 





Cre A RS OS ne e fe mee ee eee eee ee» 
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TABLE į 
DEPRECIATION ACCUMULATION TABLE—COMPOUND INTEREST OR ANNUITY METHOD 


gr Cost of asset, $1000; scrap value, $100; interest rate, 5% 
Book VALUE CREDIT TO ` CREDIT TO RESERVE TOTAL ACCUMULATION 


oF ASSET AT DEPRECIATION INTEREST INCOME FOR DEPRECIATION IN RESERVE FOR 
YEAR BEGINNING OF CHARGE AT AT END OF YEAR, AT END OF YEAR. DEPRECIATION AT 
YEAR END OF YEAR (RATE, 5%) (RATE, 5%) . Enp or YEAR 

ist 1,000.00 121.55 ; 50.00 71.55 71.55 
2d 928.45 121.55 46.42 75.13 146.68 
3d 853.32 121.56 42.67 78.89 225.57 
4th 774.43 121.55 38.72 82.83 308.40 
5th 691.60 121.56 34.58 86.98 395.38 
6th 604.62 121.55 30.23 91.32 486.70 
7th 513.30 121.55 25.66 95.89 582.59 
8th 417.41 121.56 20.87 100.69 683.28 
Oth . 316372 121.56 15.84 105.72 789.00 
10th 211.11 121.55 10.55 111.00 900.00 


lith 100.00 





the entries in Fig. 44 and Fig. 45. Itis not strictly correct to include 
the interest expense in the depreciation amount. A better plan is 
indicated in Fig. 46. 


ARITHMETIC-PROGRESSION METHOD 


Depreciation also may be computed by using an arithmetic pro- 
gression. When this method is used, the amount of depreciation also 
can be varied period by period in an attempt to equalize costs in the 
face of a varying amount of repairs, etc. 


Let D,=the amount of depreciation for the first period, 
d=the common difference between succeeding depreciation amounts, 


and n=the number of periods. ) 
Then 5=[2D.—(2—1)d|=C-S. XXVI 


Now all that is necessary is to determine the life of the asset, 7; 
the depreciable value, C—S; and either Dı or d or the relation between 
them. Table k illustrates the accumulation of depreciation by this 
method: 

10 
D: 

It is well and proper to indicate at this point that the depreciation 
amounts for succeeding periods can be 1 increasing rather than decreas- 
ing amounts if so desired. 


[2D,—(10—1)9]=1000—100. í 





TABLE k 
DEPRECIATION ACCUMULATION TABLE 


Cost of asset, $1000; scrap value, $100; d=$9 
TOTAL ACCUMULATION 


Book VALUE DEPRECIATION IN RESERVE FOR Book VALUE 
YEAR OF ASSET AT CHARGE AT END DEPRECIATION AT oF ASSET AT YEAR 
BEGINNING OF YEAR OF YEAR END OF YEAR END OF YEAR 
Ist 1,000.00 130.50 130.50 869.50 ist 
2d 869.50 121.50 252.00 748.00 2d 
3d 748.00 112.50 364.50 635.50 3d 
4th 635.50 103.50 468.00 532.00 4th 
5th 532.00 94:50 562.50 437,50 5th 
6th 437.50 85.50 648.00 352.00 6th 
7th 352.00 76.50 724.50 . 275.50 7th 
8th 275.50 67.50 792.00 208.00 8th 
9th 208.00 58.50 850.50 149.50 9th 


10th 149.50 49.50 900.00 100.00 10th 











f 
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TEST YOUR KNOWLEDGE OF THE ARITHMETIC-PROGRESSION METHOD 


93 A machine costing $1,500.00 and having an estimated life of 5 years 
and a scrap value of $300.00 is to be depreciated by the arithmetic- 
progression method. If the common difference between depreciation 
amounts is $50.00, what is the amount of depreciation for (a) the first 
year? ` (b) The second? 


94 If in example 93 the depreciation for the first year is $250.00, what 
is the common difference between depreciation amounts? 


UNIT-COST METHOD 


Very often items of plant—e.g., machines and equipment—are 
continued in use long after improved models are available. It has been 
argued that it is not economical to discard an asset until it is fully 
depreciated. Recently, however, there has been a tendency to em- 
phasize the income statement as an indicator of efficient management. 
This tendency has turned the spotlight on expenses and other items of 
cost and has led business men to consider whether cost can be reduced 
by discarding old and inefficient asset items even before they are fully 
depreciated. | 

The unit-cost method of valuing depreciable assets affords a means 
of determining whether a given asset item is valued at too high a 


' figure in the light of the cost of using it in production as compared - 


with the cost of using a new asset in a similar capacity. The unit- 
cost method is based upon the assumption that the cost of processing 
a unit of product through the use of a given asset should not exceed 
the cost resulting from the use of the most efficient asset available 
for the purpose. In comparing the costs of using an old and a new 
machine, for example, we must take several considerations into account, 
among which are the following: | 
a The book value of each, 
b The periodic operating cost of each, 
c The output of each in units. 
Let: B=the book value of the old machine, 
C=the cost of a new machine, 
N=the number of periods the old machine will remain in service, 
2 =the life of the new machine in periods, 7 
D=the periodic rent of an annuity to amortize B in N periods, 
d=the periodic rent of an annuity to amortize C in 7 periods, 
E*=the periodic cost of operating the old machine, excluding 
depreciation and interest, , 
e“=the periodic cost of operating the new machine, excluding 
depreciation and interest, : 
t= the interest rate, | 
U=the number of units of output per period of the old machine, | 
and u =the number of units of output per period of the new machine. 





*E and e may be broken down into elements if any of the costs are irregular from period to period or if any. 
vary with production. i AA 
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The cost of processing one unit on the old machine, then, is 


D - Bi 

a XXVII 
and the cost of processing one unit on the new machine is 

d+e+Ci 

rere XXVIII 


Now, if the cost of processing one unit on the old machine is not to 
exceed the unit cost of using an improved substitute, then: the two 
` fractions equal each other, and so e 


D+E+Bi_d+e+Ci 


i 5 XXIX 


The periodic rent of an annuity to amortize B in N periods is found 
as follows: : 


B . . = 
D=—., where sy) =the amount of an annuity of 1 per period for N periods 
IN at rate of interest 7. 


In the same manner, 


d= 


SA 


Substituting for D and din equation XXIX and solving for B results | 


in the following: > 
Ba Erbi eee 
SN] Ssa 








U u 
—-C+et+Cz 
ference (Li eae XXX 
Maes u i 
wage) are 
s| si 
but ee 
Sal Am i 
where ama= the present value of 1 per period at the rate of interest 2, 
and i E 
SN] AN 
Substituting in equation XXX produces the following: 
ahi 2 | 
B= Uax\ —~— —7 }- : XXXI 


Thus, the proper valuation of the old machine on the books, assum- 
ing that its value should be such that the cost of processing a unit 
-of product using the old machine does not exceed what it would cost 
using a new, up-to-date machine, can be found by using formula XXXI. 
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Illustrative Problem 

Suppose a manufacturing company owns a machine, having a re- 
maining life of 4 years, which processes 1,000 units of product per year, 
and which costs $1,500.00 a year to operate. A new, improved model 
of the machine can be purchased at a cost of $5,000.00. The new 
machine has an estimated life of 10 years, will cost about $2,000.00 a 
year to operate, and will process about 1,500 units of product annually. 
If current interest rates are around 4% per annum, what is the value of 
the old machine on this basis? 


Using formula XXXI, 


1 
B=1000 (2229 +200 sa 3,629 Ae heoG 
Peet Ne 1500 10007 27: 1500 1000 


=3,629.90(1.7443 — 1.5) = $886.79. 
The value of the old machine is thus found to be $886.79. If the actual 
book value is more than this amount, the difference should be written of 
against surplus, since depreciation for prior years has been inadequate. 


TEST YOUR KNOWLEDGE OF THE UNIT-COST METHOD BY THESE PROBLEMS 


‘95 Assume that the new machine in the illustrative problem just presented 
will process 1,600 units per year and compute the value of the old machine. 

96 Assume an interest rate of 5% per annum instead of 4%, and then re-solve 
the illustrative problem and also problem 95. | eet 

97 If the cost of the new machine in problems 95 and 96 is $10,000.00 instead 
of $5,000.00, what is the value of the old machine in each case? 

98 A factory having a book value of $100,000.00 and a remaining composite 
life of 25 years has fixed overhead costs of $10,000.00 per year, excluding 
depreciation and interest, and a capacity of 500 units of product. By 
spending $15,000.00 on improvements, we can increase the capacity 
to 600 units of product per year. Assuming that no other changes would 
result and assuming an interest rate of 3% compounded semi-annually, 
determine the value at which the factory should be carried on the books. 


Valuation of wasting assets 


Wasting assets—such as mining property, timber land, and oil 
wells—are subject to depletion as the natural resource is removed. 
One method. of valuing such property is to deduct the accumulated 
depletion since the beginning of operations from the original cost of the 
property. Depletion is computed by multiplying the cost of the pro- 
perty by a fraction whose numerator is the number of units removed 
from the property during the period and whose denominator is the 
total number of units the property will yield before it becomes ex- 
hausted. | Se 

When a wasting asset is to be purchased or sold, however, it must 
be valued upon a different basis. In determining its value, we find that 
the income that a property will produce is of primary importance. 
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Also to be considered are the rate of interest the investment should 
yield and the rental of the annuity necessary to restore the investment 
in the property by the time the natural resource becomes exhausted. 
A formula for valuing a wasting asset is developed below. 
Let V =the value of the property, 

P=the periodic sinking-fund contribution necessary to accumu- 


late the amount paid for the property, X, by the time the 


- natural resources have been fully extracted, 
2 =the number of periods, 
z=the investment rate per period, 
71=the sinking-fund rate per period, 


and _ R=the periodic return from the operation of the mine, excluding 
: depletion and interest on investment. 
Then Vi= Psa, at interest rate 7‘, 
i Vi=R—P, 
P=R—-V%i. 
: R 
Therefore, Y=(R—V; ‘)S=z—> (sa 1s at rate r i: XXXIT 
: eee 
Sal 


Illustrative Example 


A corporation owns and operates a coal mine. The mine produces 


300,000 tons of coal annually and has an estimated life of 20 years 
at that rate. The return per ton of coal mined is about 30 cents, not 


considering depletion or interest on the investment. The corporation 


feels that an investment in this type of property should yield 7% 
annually, and that a sinking fund can be accumulated at a rate of 
about 4% compounded annually. The property will have no value 
when the mine is worked out. What is the value of the coal mine at 


present? 
Using formula XXXII, 
$0,000. 90,000... 90,000 `- 
Kai oo, 0.088582-+-0.07 DI D, 
Sal ` 


The property, therefore, has a value at present of $868,879 and an adjust- 
ment should be made for any variation from that amount. | 


TEST YOUR KNOWLEDGE OF WASTING ASSETS BY THESE PROBLEMS 


99 Find the value of an oil well whose production is 500,000 barrels of oil 


per year and whose estimated life is 10 years. The current price of oil 
is $3.00 per barrel and production costs are estimated to be $1.50 per 
barrel. Assume a return of 10% per annum on the investment and a rate 
of 3% on sinking-fund money. ; 

100 What is the value of a copper mine, the facts regarding which are as 
follows: l 

Estimated total production, 20,000,000 Ib. of copper, 

Net return per pound of copper, 8 cents, 

Life of mine estimated to be 25 years, 


Rate required on investment, 12%, 
Sinking-fund rate, 4%? 
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ETHE ANALYSIS AND INTERPRETATION 


OF ACCOUNTING STATEMENTS > 
By Edward N. Wright, Ph.D. 


, ACCOUNTIN G is a means to an end, not an end in itself. The most 


detailed business records are of little value unless the information 
which they contain is summarized and presented in the form of state- 
ments. In turn, statements are chiefly of value when their contents 
are analyzed and the resulting facts are interpreted. 


Accounting reports may be analyzed by various individuals and for 
numerous reasons. Executives, creditors, and investors all may have 
an interest in the statements of a business. Their analysis may be 
for the purpose of testing operating efficiency, for determining the 
desirability of extending credit, or for other reasons. Each type of 
analysis requires certain definite information and emphasizes particular 
facts and figures. 


As analysis implies comparison, it is necessary for the analyst to 
know which facts are comparable and which are not. Furthermore, as 
most accounting information is expressed in dollars and cents, most 
analyses involve comparisons of figures. It is for this last reason that — 
mathematics plays such an important part in the analytical phase 
of accounting. | | | 


PRE-REQUISITES FOR | It is easy to minimize the difficulties 
STATEMENT ANALYS] §| and dangers involved in statement 
Sees ANalysis and interpretation; even ex- 
perts who have specialized in this phase of accounting for many 
years hesitate to draw conclusions from insufficient or confusing 
evidence. It is essential that an individual should have as broad a 
background as possible in the construction, valuation, and presenta- 
tion of the accounts which he is called upon to analyze. oak 





Ideally, the maximum amount of information about. a business 
should be available before an analysis is undertaken, but analyses are 
so different in their nature and purpose that no standard requirement 
can be set. If the reports of a particular concern are under examina- 
tion, the analyst should be familiar with the type of business, the 
nature of its product or service, its history and present location, and 
the character of those in charge. He should have its latest balance 
sheet, or, preferably, its financial and operating statements for several 
consecutive periods, certified as to their correctness by a public 
accountant. Any supplementary statements, schedules, or figures 
which aid in disclosing the true nature and status of the business 


should also be available. There is practically no limit to the amount 
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of general information which an analyst should have, particularly 
about business cycles and trade conditions and practices. | 
Unfortunately, not all of the information just mentioned is always 
available, even to the specialist. If sole reliance must be placed upon 
published statements, the analysis, of necessity, will be incomplete 
and unsatisfactory. Too often, printed reports are lacking in essential 
_ figures, or they are greatly condensed, or they contain confusing 
terminology. | eee: 


Classification of accounts 


Before analyzing a statement, we frequently find it helpful to 
simplify or smooth the figures and to rearrange and classify the ac- 


counts. 
For example, it is much easier to deal with the figure, $15,485,227.12, if 
the cents and hundreds of dollars are eliminated and the figure is written as 


D, D. B. COMPANY 


Balance Sheet as of December 31, 1943 . 





ASSETS LIABILITIES: 


Cash on hand and in'banks$. 460,102.24. Accounts payable—trade $ 501,196.27 
Marketable securities 15,284.51 Notes payable 800,000.43 
Notes receivable—trade . 85,764.17 Accrued expenses 75,429.92 
Accounts receivable—trade 1,324,444.13 First mortgage. bonds §,010,000.47 
Inventories 2,125,747.55 Réserve for depreciation oe 
Lana ` 8,242,600.00 Buildings 3,619,791.00 
buildings 10,941,067.00 Equipment 36,564.00 
Equipment : 412,701.00 Reserve for doubtful 
Patents, tradeéemarks, ete. 645,200.00 accounts 39,654.00 
Deferred charges 80,822.20 Reserve for amortézation 150,149.00 
Capital stock 11,120,495.00 
Earned surplus 2,480,472.51 
Capital surplus 500,000.00 
Total assets $24, 555,752.40 Total liabilities | $24, 553,752.40 
Fig. 48 


$15,485,000. The amount, 227, in comparison with 15 million, is so small 
that for most analytical purposes it can be ignored. If the last figure to be 
smoothed or eliminated is a 4, 3, 2, 1, or 0, it is customary to allow the figure 
to the left to remain unchanged, but if the last figure is a 5, 6, 7, 8, or 9, the 
figure to the left is usually raised by 1. For example, the amount, $2,380,472, 
would be simplified to $2,380,000, but the amount, $2,380,572, would become 
$2,381,000. 

Naturally, there is a limit beyond which it is not safe to go in the 
smoothing process; the extent of simplification depends on the degree 
` of accuracy required in the final results. 

The particular arrangement and classification of accounts depends 
largely on the type of analysis which is being made. For instance, 
if a bank is considering a loan to one of its depositors, it would want 
at least a separation of current and fixed assets and current and fixed 
liabilities on the balance sheet. In some types of analyses, net figures 


t 
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are just as satisfactory as gross; for example, fixed assets may be 
shown on the balance sheet at their ook or depreciated value rather 
than at cost. This is accomplished by deducting the reserves for 


D. D. B. COMPANY 


‘Balance Sheet as of December 31, 1943 





ASSETS LIABILITIES 

Current : Current ? 3 
Cash § 460,000 Accounts 
Marketable payable $ 501,000 

securities, 15,000 Notes payable 800,000 
Receivables, ; Accrued 

net 1,371,000 expenses 76,000 $ 1,377,000 
Inventories 2,126,000 $ 3,972,000 Fixed: 

Fixed: First morte 
Land $8,243,000 ‘gage bonds 5,010,000 
Buildings, net 7,521,000 — Total liabili- ORT IIT: 
Equipment, net 376,000 15,940,000 ties $ 6,587,000 

Deferred charge 81,000 NET WORTH ; 

Intangibles, net 495,000 


Capital stock *$11,121,000 
Earned surplus 2,480,000 — 
Capital surplus 500,000 


Total net worth 14,101,000 


Total liabili- 
: ties and net 
Total assets $20,488,000 worth $20,488,000 
aa aI . ESA 
` *This figure raised by. $1,000 in order to equalize the balance-sheet totals. | 


Fig. 49 


depreciation on the asset side rather than showing such reserves 
on the liability side of the statement. Fig. 48 illustrates accounts and 
figures as they might appear before arrangement and simplification 
for analysis, while Fig. 49 shows the same figures rearranged. - 


BASES FOR Before undertaking an analysis, the analyst 
INTERPRETATION should be aware of both the possibilities and 
i the limitations inherent in the process. An 
insider, such as an executive, may be more familiar with a concern and 
have access to more detailed information than an outsider, such as a 
creditor or investor; on the other hand, the insider may have a certain 
bias or preconceived ideas which may affect his correct interpretation of 
the figures. In any case, it is important to remember that a mere analy- 
sis of the financial and operating figures of a business can give only a 
partial picture of a company’s past history, present condition, and 
future prospects. Of necessity, the following sections of this article 
are limited to such financial analyses. 





Percentages 


A percentage or per cent is a proportional part of 100. Ten per cent 


means a or 10 parts of 100. (See pp. 72-75.) In the analysis of 


Í 
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accounting reports, percentages are used in various ways to facilitate 
comparisons. In a 100% or common size statement, one figure is con- 
sidered as the basic 100 and all other figures are expressed as per- 


K. Y. Z. COMPANY 


Consolidated Balance Sheet as of December 31, 1943 





ASSETS LIABILITIES 
Current $ 7,036,000 33.8% Current $ 2,341,000 11.3% 
Fixed 13,671,000 65.6% Total liabilities §$ 2,541,000 11.3% 
Deferred 128,000 0.6% 

; NET WORTH | 

Capital stock $12,612,000 60,5% 

Surplus . §,882,000 28.2% 

. “ Total liabilities = A 

Total assets $20,835,000 100.0% and’ net worth $20,835,000 100.0%: 

S paeroa ee Soe 

Fig. 50 


centages of the base. Fig. 50 is an illustration of a condensed, simplified, 


percentage statement. 

The percentage of 33.8 for the current assets is obtained by dividing 
$7,036,000 by the base figure, $20,835,000; the 65.6% for fixed assets is 
obtained by dividing $13,671,000 by $20,835,000, and so on for each per- 
centage. (Use of a slide rule will save you time and trouble.) 

Percentages are used also for comparing the figures of one period 


HY. Z. COMPANY 


Comparative Consolidated Statement of Earnings 








1942 % 1943 % 
Net sales $20,398,000 100.0 $18,517,000 2100.0 
Cost of goods sola 13,081,000 64.1 11,855,000 64.0 
Gross profit on sales $ 7,317,000 35.9 $ 6,662,000 36.0 
Distribution, administrative, and : ee i 
general expenses 4,852,000 23.8 4,365,000 23.6 
Net ‘profit from operations $ 2,465,000 12.1. $ 2,297,000 12.4 
Other income 267,000 BAS Bae 276,000 1:95 











$ 2,732,000, 13.4 $ 2,573,000 13.9 
Other expenses and losses 994,000 4.9 687,000 Se 7. 
Net earnings available for dividends $ 1,738,000 8.5 $1,886,000 0.2 
Dividends on preferred stock 254,000 1.2 150,000 . 0.8 
$ 1,484,000 7.3 $ 1,736,000 9.4 
Dividends on common stock 1,236,000 6.1 1,172,000 6.3 
‘Balance to surplus $ 248,000 1:2 $ 564,000 3.2 
Fig. 51 


with the figures of another period for the same company. Fig. 51 is an 
illustration of this type of comparison. 

Percentages become even more useful when one company is com- 
_ pared with another, especially if the concerns are of different size, or if 
one company is compared with a group of companies. In Fig. 52, it 1s 
assumed that the X. Y. Z. Company wants to see how it stands in 
relation to other companies in the same industry. : : 
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COMPARATIVE EARNINGS OF COMPANIES IN THE PULP AND PAPER INDUSTRY FOR 
{HE YEAR ENDING DECEMBER 31, 1942 


{In thousands of dollars) 
: A.B.C. Co. D.E. Fe Co. GeHeI. Co. Totals 
Net sales ; $3,195 $16,466 $270,759 $290,420 























_CoSt of goods sold 2,249- 12,322 179,356 193,927 
Gross profit on sales - $ 946 $ 4,144 $ 91,403 $ 96,493 
Other operating expenses .“ 590 3,481 69,852 635,903 
‘Net profit from operations $ 366. $ 6863 $ 31,571 $ 32,590 
Other income 33. 25 2,584 2,642 

7 .§ 389 $ 688 $ 34,165 $ 35,932 

Other expenses 97 18 14,760: 14,875 
Net earnings available for dividends ,$ 292 $ 670 $ 19,595 $ 20,557 
Dividends paid . 212 . 650 15,560 16,422 
Balance to surplus $ 80 $ - 20. $ 3,835 $ 3,935 
sass S SS Oss SSS Se 


EARNINGS OF THE X.Y¥.Z. COMPANY COMPARED WITH AGGREGATE EARNINGS OF OTHER 
COMPANIES IN THE PULP AND PAPER INDUSTRY FOR THE YEAR ENDING 
DECEMBER 31, 1942 


_ Other Excess or Deficiency 
X.¥.eZ. Co, Companies oF X.Y.Ze CO. 


l | Excess Deficiency 
Net sales 100.0% 100.0% 














Cost of goods sold 64.1 66.8 2.7% 
Gross profit on sales 35.9 33.2 2.7% 
Other operating expenses 25.8 22.0 1.8 
Net profit from operations 12,1; 11.2 0.9 
Other income T9 0.9 0.4 

% 13.4 12.1 1.5 
Other expenses 4.9 5.1 0.2 
Net earnings available for dividends 8.5 7.0 1.5 
Dividends paid 7.3 5.7 1.6 
- Balance to surplus 1.2% 1.3% ‘0.1% 

3 EEI 
Fig. 52 


TEST YOUR KNOWLEDGE OF PERCENTAGES BY THESE EXERCISES 


1 If a company sold $1,240,000 of merchandise during a certain period but 
~ had $3,000 of the sales returned by customers, would you consider - 
$1,240, 000 or $1,237,000 as the proper 100% base for calculating other 


percentages on the income statement? Why? _ 


2 A company’s December 31 figures were: feat assets, $17,512,583.30: 
fixed assets, $586,133.46; deferred charges, $284, 449. 54; “other 
assets, $389,240.32; current liabilities, $5,01 878 4T; fixed liabilities, 
$12, 600 5000.00; and net worth, $1,153,528. 15. Construct a percentage 
statement. 


3 After simplifying the figures in the preceding question to even thousands — 
of dollars, construct another percentage statement. Note how much or 
how little difference the smoothing process makes in the percentages. 


4 From the following accounts, prepare an income statement in proper 
form and calculate percentages for each item: net sales, $28,851,000; 
cost of goods sold, $26,682,000; other operating expenses, $306,000; 
other income, $5,000; other expenses, $28,000; and dividends declared 
and paid, $120, 000. 


5 If an income statement pshowed net sales of $1,000,000 and a final net 
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loss of $10,000, could the loss be sae in percentage form? If SO, 
how? 


“6 You are told. that a company with net sales of $472, 620 paid etal 
dividends of 1.5% and carried forward to surplus a balance of 3.4%. 


What were the actual amounts of the dividends and net profit carried © 


to surplus? 


Gi Ratios 


UA ratio is the idadonehip between two figures or the proportion of 
one thing to another. It is calculated by dividing one figure by the 
other. The comparison may be expressed by placing the sign, :, or the 
word, Zo, between the figures, or it may be expressed as a fraction by 
showing one figure as the numerator and the other as the denominator. 
us pp. 83-87.) 


Illustrative Example . 


On December 31, a business had current assets RY: $309, 000 and cur- 
rent liabilities of $103, 000. 


The relationship between these two facts may be expressed as 
current assets, $309,000 : current liabilities, $103,000 | 
or as current assets, $309,000, to current liabilities, $103,000 
or as current assets, $309,000 -- current liabilities, ee 000, 
ape | _ current assets, $309, 000 
ee current liabilities, $103,000" 2 
If desired, a ratio may be reversed by exchanging the numerator and 
the denominator, thus: - 
current assets, $309,000 current liabilities, $103,000 
current liabilities, $103,000 © ~ current assets, $309,000 ` 
In practice, the numerator is mentioned before the denominator; 
therefore, the “ratio of sales to receivables” means 
sales-+ receivables 
whereas he ‘ratio of receivables to sales” means 
receivables+ sales. 


In a ratio, he result obtained by dividing one figure by the other 
may be expressed as a whole number (or fraction), as a proportion,- 


-as a decimal, or as a percentage. 
Thus, the ratio, 
current assets, $309, 000, to current liabilities, $103, 000, 
may be expressed as 3, 3 to 1, 3.00, or 300%. The ratio, 
- current es $103,000, to current assets, $309, 000, 


1 to 3, 0.333, or 335 5%: 


may be epre eed as 
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TEST YOUR KNOWLEDGE OF RATIOS BY THESE EXERCISES 





7 Calculate and express in three different ways the ratios of net profit, 
$4,200, to sales, $114,000; current assets, $16,017,000, to current lia- 
bilities, $7,085,000; and fred assets; $611,470, to total assets, $2,331,607. 

8 Which would be the better from the standpoint of a creditor, a 300% 
ratio of current assets to current liabilities or a 30% ratio of current 
liabilities to current assets? 


9 What ous be He converse of the following ratios: (a) 200%, (b) 500%, 


(c) 665%, (d) 12 o (e) 150%? 


10 e that a company with current assets of $200, 000 snd current 

liabilities of $100,000 is seeking a short-term loan of $50, 000 from its 
| bank. If we assume that the borrowed money will be kept as a current 
k type of asset, would the loan, if made, change the ratio of current assets 
to current liabilities? If SO, what effect would it have? 





Averages 


| In mathematics, an average is a single figure which is representative 
=- ofa group of figures. 


THE ARITHMETIC MEAN 





| - Probably the average used most commonly in ac- Ui aa 
} counting is the arithmetic average, or arithmetic : 
ee mean. This average is calculated by adding the oo 
figures in a group or series and dividing the sum by m -3.37 
the number of figures involved. (See pp. 75-77.) | 339 | 
4.07 — 
THE MODAL AVERAGE : ee : 
4.26 


Another average which is sometimes stiploved | is the 
modal average, or mode. The mode is the figure ina - 4.35 
group or series which occurs most frequently. This — 
average has little significance unless the number of © 
figures involved is large; also, it is necessary some- 
times to calculate an approximate or theoretical mode 
if no figure in a group appears more than once. In 
les determining the mode, we find it convenient to arrange 
| the figures in an ascending or a descending order. 

In the illustration, the figure, 4.53, is the mode because 
it is the only figure which appears more than once. 





THE MEDIAN 


A third type of average which is also used in ana- 
lytical accounting is the median, or middle figure 
in a. group or series. After arranging the figures ue . | 


| BO} on oron 1 oren on o on e e a e e a pe 
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in an ascending or descending order, we find the median by adding one 
to the entire number in the group and dividing the sum thus obtained 
y 2, 
-In the illustration, there are 27 figures. 
| | 274+1=28(+2=14). 


The median, therefore, is the fourteenth figure in the group, counting from © 


either end, or 4.53. In this case, the median and the mode happen to be the 
same figure. If there is an even number of figures in a group, an imaginary 
or theoretical median can be calculated by finding the sum of the two middle 
figures and dividing by 2. Thus, in the illustration; if the final figure of 5.89 
were omitted from the group, there would be 26 figures, of which 4.48 and 
4.53 would be in the middle. | 


4.48+4.53 =9.01(+2=4.505), 


the theoretical median. 


TEST YOUR KNOWLEDGE OF AVERAGES BY THESE EXERCISES 


11 Following are the current assets to current liabilities ratios of 46. 52; 
_ 64, 69, and 83 concerns in the furniture industry over a five-year period: 
394%, 366%, 346%, 302%, and 304%. Calculate the average number 


of companies reporting and the arithmetic mean of the five ratios. 


12 Thirty-one companies in the same industry’ reported their average 


collection period (in days) as follows: 101, 86, 76, 65, 63, 63, 66, 59, 
58, 55, 64, 65, 58, 56, 53, 55, 60, 50, 48, 55, 55, 49, 45, 42, 48, 52, 49, 
48, 51,50, 55. After arranging the figures in an ascending or a descending 
order, calculate (a) the mean, (b) the median, and (c) the mode. 

13 Eliminate from the list of figures in the preceding question the first 
one mentioned, 101, and recalculate the imaginary or theoretical median 
and the arithmetic mean. Notice which average is affected more by the 
elimination of the one figure. 3 3 


METHODS OF | Lhe mathematical devices used most commonly in 
ANALYSIS. | 2nalysis are percentages, ratios, and averages, and 
— | the various analytical methods in which they are 
employed are referred to as the trend-percentage method, the ratio 
-= method, the business-index method, and the sources and application 
‘of funds method. | = : 


Trend-percentage method of analysis. 


In the trend-percentage method of analysis, the original amounts 
in a time series are reduced to percentage form. This procedure 
emphasizes significant trends and relationships and makes it easier 


to study the figures of a single company over a period of time, or to 


compare the figures of one company with those of another company 
or group of companies. In Fig. 53, the December 31 figures of the 


X. Y. Z. Company (in thousands of dollars) are shown over a period © 


of four years. In converting the actual figures into percentages, we 
may use any year in the series as a base. eer 
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If the first year, 1940, is selected, then the amounts in the other years are 
epee 2 as percentages of the 1940 amounts by dividing them by the 1940 


Ps 1940 1941 1942 1943 
Current assets $ 7,036 $ 9,959 $ 9,095 $ 3,123 
Fixed assets >- 13,671 12,838 11,403 12,402 
Deferred charges’ 128 237 229 155. 
Current liabilities 2,341 2359%2 3,481. 3,162 
Capital stock ` 12,612 -12,607 12,612 13,412 
Surplus . 5,882 : 6,515 4,634 4,106 
Fig. 53 


figures; e.g., the percentage of current assets for the year, 1941, is calculated 


by dividing $9,959 by 7,036; the current assets percentage for 1942 is calcu- 


1940 1941 1942 1943 
Current assets 100.0% 141.5% 129.3% 115.4% 
Fixed assets 100.0 93.9 85.4 90.7 
Deferred charges 100.0 185.2 | 178.9 C Hi2Tok 
Current liabilities 100.0 167.1 148.7 135.1 
Capital stock. 100.0 100.0 100.0 106.3 
Surplus 100.0 110.8 78.8 69.8 

Fig. 54 


lated by dividing $9,095 by 7,036; etc. The dollar amounts, reduced to 
percentage form, are shown in Fi ig. 54. 

Certain significant trends and relationships among the balance-sheet 
accounts of the X. Y. Z. Company are now evident. Both current assets and 
current liabilities increased the second year and then declined in the third 
and fourth years, but by 1943 the current liabilities were 35.1% greater than 


"in the base year whereas the current assets were only 15.4% greater. The 


fixed assets declined 9.3% over the same period, probably due to deprecia- 
tion. Both fixed assets and capital stock increased slightly from 1942 to 1943. _ 
This probably means an expansion in the business, financed by the sale of 
stock. There is a noticeable decline in surplus, caused possibly by operating 
losses or dividend payments or both. 


TEST YOUR KNOWLEDGE OF TREND-PERCENTAGES BY THESE PROBLEMS 


14 The dollar sales of three companies in the same industry appear below. 
Convert the actual figures into trend-percentages, using the first year 
as a base. Which company makes the best showing over the five-year 


period? >. 1939 1940 1941 192 1943 

‘Company J $ 18,516,740 $ 20,397,720 $ 27,075,890 $ 31,949,205 $ 30,281,110 
Company K 180,358,903 "281,506,460 204711210 242281600 250604412 
Company L 145,207 183,612 "210,210 200,460 ’218.192 


15 Using the year, 1941, as a base, recalculate the trend-percentages of the 


figures in the preceding question. Notice the effect on the percentages of 

__ the change in the base year. 
16 A certain business in applying for a loan was required to submit, its 
_ detailed current assets over the past four years. The figures were as 


follows: 1940 1941 1942 1943 
Cash | $35,773 $32,481 $33,220 $30,461 
Marketable securities 26. 5916 27-112 33,407 20,660 
Receivables—net 10, 776 11,500 8, 202 9,610 
Inventories oat 93" 398 20,109 27 614 39,886 


Convert these figures into trend- Fon th a using 1940 as the base. 
What conclusions eee be drawn from this analysis? : 
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Ratio method of analysis 


Ratios may be used for analyzing either Single statements or r several 
statements. Before undertaking such analysis, we customarily arrange 
the accounts in comparable groups or in logical sequence, and, if 
necessary, simplify the figures. The balance sheet of the D. D. B. 
Company, as of December 31, 1943 (Fig. 49), illustrates the proper 
method of preparing a single statement for ratio analysis. Numerous 
relationships can be studied but the following ratios, calculated from 
the figures of the D.. D. B. Company, are typical: 


current assets _ $ 3,972,000 


arene Wabilities 79 1,077,000 7ro 
a iaeeaten - DoR 1% 
net worth a 


total liabilities $ 6,387,000 


The purpose of the first of these ratios, frequently referred to as- 
the current ratio, is to test the current solvency, or debt-paying | 


ability, of a business. As inventories of merchandise must be sold 
and converted into cash before they can be used for paying debts, a 
more severe test of a company’s debt-paying ability is found in the 
second ratio, referred to sometimes as the acid test. 

The current ratio of 288.5% for the D. D. B. Company means that i it has 
$2.88 of current assets for every dollar of current liabilities. The acid test 
of 134.1% means that the company still has $1.34 of current assets for every 
dollar of current liabilities after eliminating the merchandise inventories 
from the current asset total. 

The ratio of current assets to total assets shows merely the pro- 
portion of a company’s assets which are in current or liquid form. 


In the case cited, approximately one-fifth of the assets are current and 


four-fifths are either fixed or deferred. 

In some businesses, there should be a definite relationship between 
the capital provided by the owners (shown as capital stock and surplus 
in the case of a corporation) and the fixed, or non-current, assets. 
If the net worth is greater than the fixed assets, one will probably 
find that the owners have provided both the permanent capital and a 
portion of the current, or working, capital. 

In the illustration under consideration, the net worth is only 87.9% of 
the fixed assets. This means, apparently, that some of the permanent financ- 
ing has been done through the i issuing of bonds or other forms of indebtedness. 


The ratio of net worth to total liabilities emphasizes the relationship 


between the capital provided by the owners (capital stock and surplus) 
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and that prieg by the creditors (fixed hee current liabilities). 
O 


A ratio of 220 8%, i in the illustration above, means that the owners have 


supplied about 2- times as much capital as the creditors. 


The ratio method of analysis is used also in connection with income 
statements. Typical operating ratios, calculated from the 1942 earn- 
ings statement of the X. Y. Z. Company (Fig. 51), are as follows: 

operating expenses _ $17,933 ,000 _ 87.9% 
net sales $20,398,000 = 

net earnings $ 1,738,000 = 85% 5% 

net sales $20,398,000 ý 


amount available for common dividends _$ 1,484,000 _ x 39 
net sales -= $20,398,000 398, 000 A 


The reader will note that all of these operating ratios are disclosed 
by the percentage statement of the X. Y. Z. Company. The first one, 
operating expenses to net sales, is not shown as a separate figure but 
it can be found by-adding the cost of goods sold percentage (64.1) 
to the distribution, administrative, and general expenses percentage 
(23.8). The first ratio is a test of the management’s ability to keep © 
operating expenses within operating income, whereas the second and 
third ratios are measures of the earning power of the business. : 


INTERSTATEMENT OR TURNOVER RATIOS 


When both the balance sheet and the income statement of a com- 
pany are analyzed, interstatement or turnover ratios are employed. 
These ratios make use of figures on both reports and show significant 
relationships which the separate analysis of either statement would 
not disclose. 

By referring again to the December 31, 1943, balance sheet of the D. D. B. 
Company and by assuming net sales for the year of $7, 3N 000, we can de- 
velop the following typical turnover ratios: 


net sales _$_7,320,000 7,320,000 net sales _$ 7,320,000 = 
receivables =g 1.371.000 1,371,000 = 433.97 © fixed assets ~ $15,940,000 940,000 45.9% 
net sales _ $ 7,320,000 320,000 =344.3% net sales _$ 7,320,000 7,320,000 = 51.9% 


inventories Fe $ 2,126,000 126,000 net worth ~ $14,101,000 101,000 


The reason for the net sales to receivables ratio is to test the collec- 
tion policy of the business. If a company plans to collect its receivables | 
every 30 days, its annual sales should be approximately 12 times the 
amount of the receivables which are outstanding at any particular 
time. A ratio of 1200%, therefore, means collections in 30 days; 
2400% means collections twice as often, or every 15 days; etc. The 
following formula, based on a 360-day year, is useful in converting the 


‘net sales to receivables ratio into the number of days in which col- 


lections are made: 2 |. 
360+ ratio of net sales to receivables = number of days. - XXXIII 


Speen the figures of the D. D. B. Company in XXXIII, we have: © 
360+-433.9% (or 4.4) =82 days. 


ek 
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In interpreting this ratio, we must keep in mind several modifying 
factors. If the actual receivables at the end of the fiscal period are 
either larger or smaller than the average receivables during the year, 
the average collection policy will not be disclosed. Also, as the net 
sales figure usually includes both sales for cash and sales on account, 
this figure is not properly comparable with receivables, which can only 


result from credit sales. A more accurate method of testing the 


collection policy is to divide the credit sales by the average monthly 
receivables. | 


The purpose of the net sales to inventories ratio is to test the turn- 
over of the merchandise; in other words, to determine how many 


times per period the average stock of merchandise is sold. If the fiscal — 
‘period is a year in length, a ratio of 200% would mean a turnover 


of twice a year; 600% would mean 6 times; 1200% would mean 12 
- times, or every 30 days; etc. | jis 


In the illustration, the ratio is 344.3%, which means a turnover of approxi- 


lv; l 
mately 35 times a year. 


However, there are likewise modifying factors in connection with 
this ratio. As sales are usually valued at a higher price than the 
merchandise inventories, the two figures are really not comparable. 
‘Also, the inventory figure at the end of the fiscal. period may not 
correctly reflect the average inventory throughout the year. A more 
accurate measure of merchandise turnover is found by dividing the 
cost of goods sold by the average monthly merchandise inventory. 


The purpose of the last two ratios—net sales to fixed assets, and 
net sales to net worth—is to determine the earning capacity of the 
fixed assets and of the owners’ investment in terms of: volume of busi- 
ness. Usually the fixed assets mean the plant assets, or those actually 
used in production, and do not include intangible assets, investments 
in the securities of other companies, nor deferred charges. As the 


net worth appearing on the balance sheet at the end of a fiscal period — 


usually includes the profit resulting from the sales of the period, a 


better measure of the earning power of the investors’ capital is ob- ` 


tained by dividing the net sales for the period by the net worth at the 
beginning of the same fiscal period, or by the average investment of 
the owners throughout the period. | 


COMPARATIVE OR STANDARD RATIOS 


As it is dificult to know whether a ratio for a particular company 
is good, bad, or indifferent, comparative or standard ratios are the next 
logical development in the ratio method of analysis. An internal 
standard ratio is developed by finding the average ratio of a company 
over a number of periods and an external standard ratio is developed by 
calculating the average ratio of a number of companies for the same 
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fiscal period. The first, or internal, type can be illustrated by re- 
ferring to the December 31 figures of the X. Y. Z. Company, as follows: 


Ratio of Current Assets to Current Liabilities 








1940. 17 $7036. =. pe 
Ba ~ 200.6% : i 
1941 $9,959 _ > 
33.912 ~ 204.6% 
1942 $9,095 _ 
$3,481 7 261.3% | 
1943 $8,123 _ , 
; S = 259.9% 
4)1076.4 i 
269.1% =internal standard ratio 
t This type of ratio is useful in showing a business whether the results 


of a particular year are above or below the average; it does not show a 
concern how it stands in relation to other companies in the same 
industry. < DE 

If it is assumed that the 27 figures listed on page 1059 represent the current 
ratios (expressed as whole numbers) of 27 companies in a certain industry, 
the external standard ratio would be 454% or 453%, depending on whether 
the arithmetic mean or the median or the mode were used as the average. , 
If this is the standard ratio for the year, 1943, and the X. Y. Z. Company 
shows a ratio of 259.9% for the same year, it is evident that it is 284% below 
the average. | : | 
- Instead of obtaining the arithmetic mean by merely averaging the 
current ratios, we might divide the aggregate of the current assets of 
the 27 companies by the aggregate of the current liabilities, provided - 
such detailed information is available: | 

A further development of external standard ratios is explained in 
the next section on business indices. 


TEST YOUR KNOWLEDGE OF THE RATIO METHOD OF ANALYSIS ba 


17 From the figures of the Jones Corporation given in Fig. 55, calculate | 
e . / d 
the twelve balance-sheet, income-statement, and turnover ratios referred 
to in the preceding section. ey ! 


Business-index method of analysis 


p As it is difficult to judge the condition of a company from a set; 
of conflicting ratios, some of which appear to be favorable and others | 
unfavorable, a dusiness-index method of analysis has been devised to — 
summarize the ratios and interpret them through a single figure. This 
figure is supposed to indicate in a very general way how a particular 

\ concern compares with a group of other companies in the same industry. 
As it is commonly recognized that certain ratios are more significant 
: than others, an attempt is made in this method to weigh or decide the 
| relative importance of each ratio before including it in the analysis. — 
One analyst, for example, may decide that the current ratio is twice 


\ 


~$ y ; ; t 
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as important as either the net worth to fixed assets or the net worth 
to total liabilities ratio. If these are the only three ratios involved in 
an analysis, their weights would be 50%, 25%, and 25%, respectively. 


‘Balance Sheet as of December 31, 1943 





Current assets: , Current liabilities $. 8,824 
Cash $ 1,451 Long-term debt 4,142 
-Receivables 6,210 ” Total liabilities $12,966 
inventories 10,034 $17,695 Net worth: 

Rixed assets less Capital stock $3,000 
‘yeserves for Surplus 7,962 10,962 
depreciation 6,078 j 

Deferred charges -155 Total liabilities 

Total assets $23,928 and net worth $23,928 
2 g annn SSS 


Income Statement for the year ending December 31, 1943 


























Net sales $25,582 
Cost of goods sold 20,011 
Gross profit $ 5,570 
Other operating expenses ” 3,116 
Net profit from operations $ 2,454 
Other income = 420 
$ 2,874 
Other expenses and losses 812 
Net profit available for. dividends $ 2,062 
Dividends declared and paid 210 | 
Balance to surplus $1,852 
Fig. 55 


Unfortunately, analysts are not agreed on the relative importance of 
various ratios; the weights, therefore, depend on the judgment of the 
individual making the analysis and on the particular ratios involved. 

In this particular method of analysis, each ratio of the company 
being studied is divided by the standard ratio of the industry in order 
to form a new ratio, thus: 


X. Y. Z. Company _ 260% 
industry 454% 


The resulting ratio is then multiplied by the weight assigned; e.g., 
if the current ratio is given a weight of 50%, then 50% X 57.3% = 2865% 
(or 28.65). As a company-to-industry ratio of 100% indicates equality 
between the company and the industry as a whole, the 57.3% in this 
case means that the X. Y. Z. Company’s current position is 42.7% 
below the average. This sub-standard position is further reflected in 
the 28.65 figure (which would be 50.00 with a company-to-industry 
ratio of 100%). Each ratio included in a particular analysis is handled 
in the same manner and the sum of the figures thus obtained is the 
index of the business. If the index is less than 100, it means that the 
company is below the average of the industry; on the other hand, if 
the index exceeds 100, it means that the company is above the average. 
The following figures illustrate an index of this type: 


=5/.3%,. 


1943 current ratio: 


ACCOUNTING 











TYPE OF Company , INDUSTRY _ RATIO or Company,, yi xg 
é Ratio - Ratio `° Ratio ; TO [NDUSTRY X WEIGHT = INDEX 
current assets ne Si 
peek wore 230 + 30 = 70.0 xX 30 = 21.00 
total liabilities 
pner sales : 1990. = J430. = 82.4 x 10: go 
receivables : 
8 ONS : 680; e700 eo = 97.1 XAI Sao 
| -inventories 
eo Zaa DAO. aA b E 47.1 E 
net wort 100% 
Indek i 50 eS 75.76 
? -In this method of analysis, a company ratio may be either greater or 


less than the corresponding standard ratio of the industry. A problem 
arises if a company ratio is greatly in excess of the standard because 
such a condition may distort the final index. It is impossible for a 
company ratio to be more than 100% below standard, but mathematic- 
ally it is possible for it to be 100%, 200%, 1000%, or any amount 
above standard. In order to prevent the final index from being com- 
pletely upset by one or more extreme ratios, a formula is sometimes 
used if the company ratio is higher than the industry ratio. By this 
device, the variations from the standard are arbitrarily limited to 
100% in either direction. The formula is expressed: | 


2007 a dustry tatio Tano a (controlled) ratio of company to industry. XXXIV 
company ratio p 
If it is assumed in a certain case that 2 company ratio is 800% and the 
corresponding standard ratio is 200%, the formula would give a resulting 
ratio of 175%, as shown below: _- : i 
20007, — 400% 200%, 25% =175%. 
800% 4 
Without the use of this formula, this ratio would be: 
company ratio 800% _ 
industry ratio 200% mo sect 
In the next illustration, the formula is used in connection with the 
last two ratios; the other ratios are calculated in the usual manner. 





W TYPE OF Company , Inpustry _ RATIO OF COMPANY wy či 
ġ Ratio Ratio "S22 RATIO => = STO Inpustry RIGHT eines 
current assets 67S 4 oF ya ay i : 
current liabilities © SAES W KN cts 38,10 
current assets —inventory aes Pe at 
current liabilities oy : 120 SIY a 
- net worth | ae ise 1 , 
total liabilities ee Ce a x 30- = 32.73 
HEBNONEN G0. 25s “1659 x 00 = 308 
fixed assets 1007, Rek 
: o 
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TEST YOUR KNOWLEDGE OF THE BUSINESS-INDEX METHOD OF ANALYSIS 


18 From the ratios of the Brown Company and of the industry of which it is a 
part, together with the suggested weights, calculate a business index. 


Ratio Brown COMPANY INDUSTRY WEIGHT 
Current 450% s207 30% 
Sales to receivables 1040 1112 15 
Sales to inventories 560 640 15 
Net worth to total liabilities 160 320 25 
Net profit to net worth E 11 15 


19 Reverse the weights in the preceding question, beginning with 15% for 
the current ratio and ending with 30% for the net profit to net worth 
ratio, and recalculate the index. Notice the effect of the change in weights 
on the index. 


Sources and application of funds method of analysis 


Another method of analyzing accounting statements is by sources 
and application of funds. The word, fund, as used in this connection, 
means either cash or net working capital (current assets minus current 
liabilities); it does not refer to sinking funds or sinking-fund assets 
which sometimes appear on the balance sheet of a concern. | 

The purpose of this method is to determine why and how working 
capital has increased or decreased during a period; it is, therefore, 
primarily an analysis of changes in the financial structure of the 
business. Current funds arise from increases in fixed liabilities (long- 
term borrowing), increases in proprietorship (investments and earnings 
of owners), and decreases in non-current assets (by conversion) 
whereas funds are applied to the payment of fixed liabilities, the 
reduction of proprietorship (for example, the payment of dividends), 
and the increase of non-current assets (acquisition). These changes 
can be expressed in equation form, as follows: 
net changes in liabilities 

and proprietorship XXXV 

increase in liabilities 


decrease in liabilities } = < increase in proprietorship XXXVI 
decrease in proprietorship decrease 1n assets 


application of funds=sources of funds XXXVII 


- This method of analysis involves three distinct steps: 

a The calculation of increases and decreases of assets, liabilities, and 

proprietorship from comparative balance sheets, 

b The determination of the net change in working capital, and 

c The preparation of a statement of sources and application of funds. 
These steps are illustrated in Fig. 56. 

In preparing a statement of sources and application of funds, we 
must add back to the net income figure any expenses or losses which 
have come out of profits but which have required no outlay of funds 
(for example, depreciation and loss on the disposal of fixed assets). 


f 


net changes in assets = 


increase in assets | 








| = S. AND A. COMPANY 
Comparative Condensed. Balance Sheets as of December 3i 


.{Figures in thousands of dollars) 


ei : ASSETS : 1942 1943 Increase Decrease 
Current (net) $12,514 $11,159 $1,355 
Fixed (net) 8,372 8,599 $227 
Intangibles 372 341 31 
Rira Deferred charges 138 184 46 | 
Total assets $21,396 $20,283 273 $1,386- 
2 —— EE eS TEn —= 
LIABILITIES AND 
: NET WORTH 
3 Current liabilities $ 2,246 $-1;722 | $ 524 
| Fixed liabilities - 980 720 260 
Capital stock 12,013 12,013 
Surplus 6,157 5,828 329 wie 
Total liabilities and net worth $21,596 $20,283 .$1,113 
2L e Keeney 


Surplus Statement for the year ending December 31, 1943 


Balance of surplus, 12/31/42 $6,157 
Add: Net income for the year 1943 . $841 i 

Refund of taxes for prior years: “290 871 

—- $7,028 

Less: Dividends declared and paid 1,200 

Balance of surplus, 12/31/43 $5,828 





Change in Working Capital between December 31, 1942, and December 31, 1943 _ 
og RA I A St EN aE Ci 





Decrease in current assets $1,355 
Decrease in current liabilities . 524 
Net decrease in working capital | $ 831 

f gniis 


Sources of Funds ‘ 


Net income for the year 1943 $ 84i 
Add back: Expenses and losses not 
> : requiring an outlay of funds: 





Depreciation of fixed assets A AGS 
Total funds from operations $1,176 
Add: Funds from other sources: 
i Refund of taxes of prior years. $30 
a Decrease in intangible assets doa te AN 61 Saree le 
Total funds from all sources” aie $1,237 


Application of Funds 


© Payment of fixed liabilities : $. 260 
: ‘Payment of dividends» 1,200 
Acquisition of fixed assets 562 : 
Acquisition of deferred charges 46 r bass 
. Total funds applied 2,068 - 3 
Excess of funds applied over funds EERE 
raised $ 831 





Fig. 56 
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Only by doing this is it possible to show the total funds which have 
resulted from current operation of the business. 


In the illustration above, the net increase in the fixed assets is accounted 
for as in Fig. Sf. 


In interpreting the statement of 5 


alance, 12/31/42 $8,372 


sources and application of funds shown T ac AT 
in Fig. 56, we find it apparent that Ada: New assets acquired "562 
the funds arising from operations Balance, 12/31/43 $8,599 
($1,176) were insufficient to meet i 
the dividend requirernents ($1,200). Fig. 57 


The retirement of the fixed liabilities 


($260) and the acquisition of additional fixed assets and deferred charges 
($608) were made possible by a further reduction in working capital. 


20 


21 


22 


TEST YOUR KNOWLEDGE OF SOURCES AND APPLICATION OF FUNDS 
Which of the following transactions would give rise to funds, which are 
applications of funds, and which are neither sources nor applications? 


(a) The declaration and payment 
of a cash dividend. (b) The de STONE CORPORATION 


claration and payment of a stock ASSETS 12/31/42 12/31/43 
dividend. (c) A fire loss which current assets (net) $ 52,113 $ 49,277 
was not entirely covered by in- Ee oe (net) poset 79,343 
os ntangibles 1 

E (d) The writing off of an pererred charges 1,069 667 
intangible asset directly against Total assets $133,644 Ş129,285 
D 


surplus. (e) The creation of a re- 


serve for contingencies by a charge LIABILITIES AND 


i NET WORTH 
against surplus. (f) The sale of aan 
“Af å k D e e Current liabilities $ 12,900 $ 8,105 
preferred stock. (g) Depreciation Fixed liabilities 2,000 4,000 
of fixed assets. Capital stock 116,739 115,392 
From the comparative balance ee 1,905 71,791 
sheets and supplementary in- 10ta $153,544 $129,288 


formation of the ae Corpora- le an us year, $3,800 
tion, given in Fig. 58, prepare a Pividends paid, $5,914 
aa out of sauce a applica. Enri eD Ka 
tion of funds. a 
From the following information, prepare a statement of sources and ap- 
plication of funds: depreciation charged off during the year on buildings, 
$6,000; on machinery, $28,500. New machinery was purchased for 
$30,000, and $12,000 credit on the new machinery purchased was allowed 
through trading in old machinery with a book value at the time of trade-in 
of $22,500. The balance of the purchase was paid in cash. During the 
year, patents were written off to the amount of $2,000, and $5,000 in new 
atents were added. Holders of first-mortgage bonds, amounting to 
25,000, exchanged their bonds at par with the corporation for capital 
stock at par. In addition, capital stock amounting to $11,000 was sold 
at par for cash and $50,000 of bonds were paid off by the corporation at 
face value. The surplus statement of the corporation showed: a balance 
at the beginning of the year of $222,000; a net profit for the year of 
$42,000; deductions for the loss of a damage suit, $25,500; organization 
expenses written off, $30,000; and a cash dividend declared and paid off, 
$30,000; leaving a balance at the end of the year in surplus of $205,500. 
Working capital decreased $28,500 during the year. | 





ACCOUNTING 1071 


Dwn ii ann E ESE EER — prea ina O ARA Seema ete te = ae 


=. SPECIALIZED ACCOUNTING PROBLEMS > 
| By Jeremiah Lockwood, A.M., C.P.A. 


MANY problems besides those previously mentioned require the 
use of mathematics by the accountant in carrying on his activi- 
ties. Some of these problems are very technical, of general interest ` 
and extensive application. Many of the problems in the field of cost 
accounting are of this nature. The behavior of fixed and variable 
costs must be understood; wage-payment incentive and premium 
plans must be worked out; the effect on depreciation charges of speed- 
ing up machine production and of operating machines for long periods 
of time without rest or repairs must not be overlooked; the appor- 
tionment of material, labor, and overhead or burden costs must be 
carefully made if reasonably accurate costs of manufactured articles 
are to be obtained. © oe: ! 


There are other problems in accountancy which are highly special- 
ized and of more limited application which require the use of mathe- 
matics in their solutions. The apportionment of profits in a building- 
and-loan association, the determination of inventory values for 
department stores, the interdependence of State and federal taxes, 
and of taxes and executive bonuses are illustrative of this type of 
problem which is limited in application. The voluminous literature on 
accounting carries numerous references to mathematical formulae 
which may be useful to the accountant in solving problems of account- 
ing whether of general application or of limited use. 


- It is, of course, impossible to discuss all of the additional problems 
‘encountered by business men and requiring the use of mathematical 
formulae. Although many of them may be solved by arithmetic, the 
process of solving them may be shortened considerably if mathematical 
equations are used. Whether acting as business advisor, as an auditor, 
or as an income tax specialist, an accountant will find that a knowledge 
-of and an ability to apply mathematical formulae or principles to the 
solution of business problems are indispensable. This article will 
indicate how mathematics may be utilized in analyzing profit-and-_loss 
statements, in preparing break-even charts, in determining executives’ 
bonuses, and in solving problems relating to the interdependence of 
State and federal taxes. 





PROFIT-AND-LOSS| 4 business man frequently finds it necessary 
> ANALYSES to secure an analysis of the operations of his 
enterprise which is more enlightening than 
one based on percentages, ratios, or trends. A superficial ratio analysis 
may disclose changes in the sales or net profits but is of little value 
in determining the reasons for the change. For example, assume that the 
profit-and-loss statements of the Walnut Manufacturing, Company © 
(Fig. 59) have been prepared for the years 1943 and 1944. (Figures have 
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been summarized for purposes of this and subsequent illustrations.) 
The condensed statements indicate that there is an increase of $1,000 
in net profit in 1944, as compared with 1943. The percentages do not 


WALNUT MANUFACTURING COMPANY 


aao | 943mm 1944 mmm Ineréase 
or 

. Amount % Amount % Decrease 

Sales $300,000 100 $400,000 100 $100,000. 
Cost of goods sold 210,000 79 288,000 72 78,000 
Gross profit l $ 90,000 30 $112,000 28 $ 22,000 
Selling and administrative expenses 87,000 _29 | 108 , 000 27 21,000 
Net profit $3,000 | 1. $ 4,000 1 $ 1,000 

Fig. 59 


indicate the reasons for this increase. In preparing a more detailed 
analysis, we should state that increases or decreases in business 
profits are due to 

a Price level changes, 

b Volume variances, 

c Managerial efficiency or inefficiency, 

d Combinations of these factors. 


A change in unit selling prices may become necessary due to price- 
cutting activities of competitors. A failure to act realistically often 
results in a merchant or manufacturer’s losing his market and in ac- 
cumulating stock which cannot be sold at prices above those of com- 
petitors. The inventory of merchandise may become obsolete and 
eventually may have to be sold at sacrifice prices to prevent greater 
losses. In a period of inflation, selling prices may be arbitrarily adjusted 
upward to take advantage of the current up-swing. There is no direct 
relationship between managerial efficiency and profits in a period of 
rising prices or falling prices. A very efficient business man may lose 
money during the period of price deflation and an inefficient and 
marginal manufacturer or merchant may make large profits during a 
period of price inflation. 

Variances in volume of merchandise sold will bring about changes in 
net profits. Increased volume should increase net profits; decreased 
volume results as a rule in decreased net profits. This holds true 
whether prices are stabilized, increasing, or decreasing. 

Other things being equal, managerial efficiency will be reflected 
in net profits. Failure to maintain efficiency in manufacturing or 
sales activities will result in lowered profits. 

Shipping records and customer billing will, as a rule, enable one to 
determine the volume or tonnage handled, especially when the business 
unit is specializing in the manufacture of one or two products. Cement 
manufacturers, producers of special types of paints, brick manu- 
facturers, ice manufacturers, or producers of electricity, will have 
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little daulo in determining changes in volume from one e period to 


another. 

Let us refer to the previous illustration (The Walnut Manufacturing 
Company) and proceed to analyze the profit-and-loss data on the 
basis of the following assumptions: 

a Assume an increase in the average sales price of 25% per unit in n 1944 as 


compared with 1943. : 
Since the figures for 1943 are to be used as a basis or guide in making the 





Analysis of Net Profit Changes 


























1944 VOLUME 1944 CHANGES. CHANGES CHANGES IN 
1943 VOLUME ADJUSTED FOR 1944 IN VOLUME IN Cost oF 
Price CHANGE ActuaL As COMPARED SELLING PRODUCTION 
Amount % Amount % -> wits 1943 PRICE — AND IN SELI- 
ING Cost 
Sales $300,000 100 $320,000 100 $400,000. - $20,000 -+-$80,000 — 
Cost of goods sold 210,000 70 224,000 70 288,000 14,000 $64,000 
Gross profit $ 90,000 30 $ 96,000 30 $112,000 $ 6,000 +-$80,000  — $64,000 
Selling and administrative ; . 
expenses 87,000 29 92,800 29 108,000 5,800 15,200 
Net profit 3 3,000 nal $ 3,200 =: $ 4,000 +$ 200 +$80,000 — $79,200 . 
Changes in net profits as compared with 1943 ; Increase $ 1,000 
Fig. 60 ; 


analysis, it becomes necessary to adjust 1944 data to 1943. The comparable 
sales figure for 1944 can be secured by dividing $400,000 by 125%, the new 
price prevailing. This results in a total sales dollar ane of $320,000. A 
statement may then be prepared (as in Fig. 60) to indicate the changes due to 
changes in price and in volume. 

The analysis reveals that the increase of $1000.00 in net profit is due toa 
profit increase of $200.00 because of volume changes, a profit increase of 
$80,000.00 because of changes in selling price, and a profit decrease of 
$79, 200.00 because of changes in cost of goods sold and operating expenses. 
































1944 ADJUSTED Analysis of Net Profit Changes _ 
FOR VOLUME 1944 Cuances CHANGES CHANGES IN 
1943 VOLUME CHANGE OF 1944 IN VOLUME IN Cost. or 
20% INcREASE ActuaL as ComMPARED SELLING PRODUCTION 
Amount % Amount % WITH 1943 Prick AND IN SELL- 
\ ING Cost | 
Sales $300,000 100 $360.000 -100 $400,000 $60,000 $40,000 — 
Cost of goods sold 210,000 70 252,000 70 288,000 42,000 — 36,009 
Gross profit $ 90,000 30 $108,000 30 $112,000 $18,000 +-$40,000 — $36,000 
Selling and administrative = 
expenses 87,000 29 104,400 29 108,000 17,400 — - 3,600 
Net profit $ 3000 1 $ 3,600 1 $ 4,000 +8 600 +$40,000 —$39,600 
Changes in net profits as compared with 1943 ; Increase yo ,000 
Fig. 61 


b Assume an increase of 20% in volume of merchandise sold in 1944 as 
compared with 1943. 

The analysis is made in a manner similar to a. The 1943 figures should be 
adjusted for the increase in volume and compared with 1944. A ‘statement 
may then be prepared (as in Fig. 61) to indicate the changes due to changes 
in price and in volume. 


The analysis reveals that the increase of $1000.00 in net profit is due to a 
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profit increase of $600.00 because of volume changes, a profit. increase of © 


$40,000.00. because of changes in selling price, and a profit decrease of 
$39,600.00 because of changes in the cost of goods and operating expenses. 

The analysis may be carried further if one is desirous of knowing what 
specific price changes, if any, are responsible for the increases in the cost of 
goods sold and selling and administrative expenses in 1944 as compared with 
1943. If price factors have not entered into the increases in these items, 
management is responsible and should be charged with the resultant increases 
in expense because of its failure to maintain a level of efficiency as high as 
during the preceding year. . 


TEST YOUR KNOWLEDGE OF PROFIT-AND-LOSS ANALYSIS 


The following comparative profit-and-loss statements are presented to you 
for analysis: i : 








1943 1944 
Sales $60,000 $70,000 
Cost of sales 40,000 54,000 
Gross profit $20,000 $16,000 
Selling and administrative expenses 16,000 — 18,000 
Net profit (+) or loss (—) +$ 4,000 —$ 2,000 








1 Assume that the number of units sold in 1944 was 30% in excess of the 
number sold in 1943. Prepare the desired analysis. . 

2 Assume that the sales price of each unit sold was $2.00 in 1943 and $3.50 
in 1944, Prepare the desired analysis. 


3 Assume that the company sold 20,000 units in 1943 and 18,500 in 1944. : 


Prepare the desired analysis. 
4 Assume that the company sold each unit for $3.00 in 1943 and for $2.80 
in 1944. Prepare the analysis of profit-and-loss changes. 


Volume, price, and profit relationships 


We have just noted that it is possible to analyze a profit-and-loss 
statement and determine the effect on net profit of a change in volume 
or a change in the unit price of product sold. In making business 
decisions and in formulating policies, we often find it necessary and 
desirable to project the operating statement so as to reflect the results 
of contemplated decisions. A company president may. ask the ac- 
countant for a statement showing the effect of an increase or decrease 
in volume or an increase or decrease in price or an increase in one 
factor offset by a decrease in the other factor. 

An illustration will be of value in making this clear. Instead of 
arranging the profit-and-loss data in the form of sales, cost of sales, 


gross profit, selling and administrative expenses, and net profit, we- 


shall develop a slightly different presentation. Expenses or costs will 
be classified as fixed or variable. The fixed costs are those items of 
cost which remain fairly constant even though the volume of pro- 
duction fluctuates. Rent must be paid regardless of the units pro- 
duced; property taxes do not fluctuate with volume of output; mini- 
mum insurance premiums are incurred even though the plant is almost 
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idle; depreciation charges on machinery and buildings continue al- 
though the plant may be shut down. These are illustrations of fixed 
costs or charges. Variable costs fluctuate directly and almost propor- 
tionately with production. Variable costs at 25% of capacity may 
total $4,000. At 50%, they will tend to approximate $8,000; at 75%, 
$12,000; and so on. When the plant is idle, variable expenses or costs 
are practically non-existent. YS 


Illustrative Problem 


The Pyrexx Heater Company manufactures fireplace grates. The 
president of the company has requested the accounting department to 
prepare statements showing the effect on profits of a 10% increase in 
volume, a 10% decrease in volume, a 10% increase in unit sales prices, 


Sales (40,000 units @ $10 per unit) $400,000 
Less: Cost of sales including selling and 





administrative expenses 
Fixed costs 
Variable costs ($5.45 per unit) 


$106,000 
218,000 


Total costs 324,000 
Net profit $ 76,000 
Net profit per unit $1.90 


(a) Influence of Volume Changes on Net Profits 


Sales ($10 per unit) $360,000 $400,000 $440,000 
Less: Cost of sales 
Fixed costs $106,000 $106,000 $106,000 
Variable costs, (at $5.45 per unit) 196,200 218,000 239,800 
Total costs $302,200 $324,000 $345,800 
Net profit $ 57,800 $ 76,000 $ 94,200 
Net profit per unit $ 1.605 $ 1.90 $ 2.121 
% change in net profit —23.95% — +23.95% 
% change in volume —10% — -10% 
(b) Influence of Price Changes Upon Net Profits 
Price 10% PRICE PRICE 10% 


Sales (40,000 units) $360,000 $400,000 $440,000 
Less: Cost of sales 
Fixed costs $106,000 $106,000 $106,000 
Variable costs (at $5.45 per unit) 218,000 218,000 218,000 
Total costs $324,000 $324,000 $324,000 
Net profit $ 36,000 _ $ 76,000 $116,000 
Net profit per unit $ 0.90 C= 1290 $ 2.90 
% change in net profit —52.6% tien +52.6% 
% change in price —10% _ +10% 
(c) Influence of Both Volume Changes and Price Changes on Net Profits oo 
—10% PRICE . -+10% Price 
+10% VOLUME NORMAL —10% VOLUME 
(44,000 @ $9.00 (40,000 @ $10.00 (36,000 @ $11.00 
Per Unit). E Per Unit) Per Unit) 
Sales $396,000 ` $400,000 $396,000 
Less: Cost of sales 
Fixed costs $106,000 $106,000 $106,000 
Variable costs (at $5.45 per unit) 239,800 218,000 196,200 
Total costs $345,800 $324,000 $302,200 


Net profit 


Net profit per unit 
% change in net profit 


VOLUME 10% 
BELOW NORMAL 
(or 36,000 Units) 


BELOW NORMAL Í 
(or $9.00 Per Unit) 


$ 50,200 
$ 1.141 


—34% 


VOLUME 
NORMAL 
(or 40,000 Units) 


AT NORMAL 
(or $10.00 Per Unii) 


$ 76,000 
$ 1.90 


mam 


VoLUME 10% 
ABOVE NORMAL 
(or 44,000 Units) 


ABOVE NORMAL 
. (or $11.00 Per Unit) 


$ 93,800 


$ 2.60 
+23.4% 
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and a 10% decrease in unit sales prices. The profit-and-loss statement 


on page 1075, greatly condensed, shows the sales, total cost of sales, and 
net profits based on normal operations of 40,000 units per year. 

We may generalize from this. A percentage change in selling 
prices has a greater effect upon net profits than the same percentage 
change in volume of units sold. This is particularly noticeable in 
the preceding example. An increase of 10% in volume accompanied 
by a 10% decrease in unit price results in a considerable reduction 


of profit, whereas an increase of 10% in price accompanied by a 10% 


decrease in volume results in an increase in profits. 


TEST YOUR KNOWLEDGE OF VOLUME, PROFIT, AND PRICE RELATIONSHIPS 


5 Would it be to the advantage of the Pyrexx Heater Company to cut unit 
prices 10% if by so doing an increase of 20% in volume could be secured? 
Make calculations supporting your conclusions. ; 

6 By re-arranging plant machinery and employing a wage incentive plan, 

we believe that variable costs of the Pyrexx Company can be reduced 
to $5.00 per unit. This saving can be effected only if 50,000 units can be 
produced and sold. In order that all units may be sold, we shall find it 
necessary to reduce the sales price per unit to $9.25. Would you suggest 
that plant machinery be re-arranged and a wage-incentive plan placed in 
operation? Prepare calculations to prove your contention. 


7 Which is more advantageous: to reduce unit prices 5% and increase 


volume 10%, or to increase unit prices 5% if such an increase will result 


in a volume reduction of 10%? 

8 Use the data in the illustration on page 1075 for normal production of 
40,000 units and normal sales price of $10.00 per unit. The president of 
the company would like to know the number of units he would have to 
sell if prices were reduced 5% and a net profit of approximately $60,000 
were to be secured. | 


The break-even point 


The break-even point, a term frequently used in business, may be 
said to be the dollar volume of sales required in order that all costs 
may be met without giving rise to any loss or gain—.e., to enable 


a company to “break even” or to offset each dollar of expense with a 


dollar of revenue. It may be used to designate the percentage of the 
normal volume at which the company must operate in order to meet its 
expenses. The expenses which must be offset by sales revenues con- 
sist of the fixed expenses which will be incurred and the variable 
expenses applicable to the volume at the break-even point. A concern 
with a relatively low percentage of fixed, as compared with variable, 
expenses, will have a lower break-even point than a concern whose 


fixed expenses are higher in proportion. Thus, if fixed expenses are 


to variable expenses as 2 is to 7, the break-even point will be lower 


than it would be if fixed expenses and variable expenses are as 4 is to 5. 
To find the break-even point, we divide the total of the fixed — 
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expenses by the sales margin per dollar of sales over the variable 
expenses per dollar of sales. This is shown in the following illustration: 





Sales : $600,000 100% 
Less: Variable cost of sales : 
Materials and labor $240,000 
Manufacturing expenses 65,000 
Selling and administrative expenses 109,000 414,000 | 69% . 
Margin to cover fixed costs | $186,000 31% 
Less: Fixed costs 
Manufacturing expenses $120,000 Sra ha x. 
Selling and administrative expenses 30,000 150,000 25% 
Profit from operations i $ 36,000 6% 
Add: Non-operating profit such as interest 3 
and dividends received 12,000 2% 
Total profit $ 48,000 8% 





Out of every dollar of sales, in the case just considered, 69 cents (or 69%) is 
needed to take care of the variable costs per unit. A balance of 31% is avail- 
able to cover the additional costs which must be met by the company. In 
this case, $12,000 of non-operating income is available to offset the same num- 
ber of dollars of fixed expenses. Deducting this amount from $150,000, we 


_have a balance of $138,000 of expenses which must be met by sales revenues. 


Since each sales dollar will contribute 31 cents toward these expenses, the 
total sales dollars to be secured in order to meet the net fixed charges can 
be obtained by dividing $0.31 into $138,000. The product, $445,161, is 
known as the break-even point and represents the sales volume to be obtained 
if losses are to be avoided. If we regard the normal sales of $600,000 as 100%, 


then we can secure the break-even percentage as follows: 


74.193 or 745% approximately. 
600,000)445,161.00 - 


To prove the accuracy of this sales volume, we can check over calculations 


_as follows: ) 





Sales $445,161 —- 100%, 
Less: Variable expenses totaling 69% SOc-LOR:  . 69% 
Margin available for fixed expenses $138,000 31% 
Less: Fixed expenses $150,000 
Offset by other revenues of 12,000 138,000 31% 


Net profit or loss = = 
Break-even charts are often prepared. From these charts, the break- - 
even point or percentage may be determined by approximation. A 
break-even chart prepared in conventional form is in Fig. 62. Lines 


plotted on the chart are based on the figures just presented. 


In preparing the chart, we draw, parallel to the base or abscissa, 
a line representing the fixed costs. If fixed costs are constant at all 
capacities, then the line representing fixed costs will be parallel to 
the base regardless of the capacity at which the plant operates. The 
variable costs which fluctuate with the volume of output are super- 
imposed on the fixed-cost line. A line is drawn to connect the sales- 
volume points at two capacities—zero (0) and one hundred per cent 
(100), which in this case represents normal. The point of intersection 
of the sales diagonal and the variable-cost diagonal superimposed on 


\ 











the fixed-cost line represents the break-even point. The chart indi- 
cates that this is at about 75% of plant capacity. If the plant oper- 
ates at less than this capacity, losses will arise as shown by the triangle 
on the chart. If the plant operates at greater than 75% capacity, 


then profits will be 
Z 


secured. 

In the light of the 
previous discussion 
showing the relationship 
of volume changes, price 
changes, and managerial 
efficiency, we can see 
readily that the break- 
even point will move up 
and down the scale with 
each price change, vol- 
ume adjustment, or in- 
crease or decrease in 
managerial efficiency. 
For example, an increase | 
‘in unit price, if not offset 
by a shrinkage in 
volume, would cause the 
break-even point to 
move to the left and 
down the scale, thereby 
increasing the size of the 
upper (or “gain’’) tri- Fig. 62 
angle and decreasing the 
size of the lower (or “‘loss’’) triangle. An increase in volume would 
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cause the same effect. On the other hand, any increase in fixed or 
variable costs brought about by managerial inefficiency or any other 


reason would also be unfavorable and cause the break-even point to 
move upward and to the right on the scale. | : 
Slight modifications are occasionally made in the construction of 
the break-even chart. Costs or expenses are often divided into fixed, 
semi-variable, and variable costs. The semi-variable costs, or semi- 
fixed costs, as they are sometimes called, do not remain constant in 
amount at all capacities, nor do they increase proportionately. Rather, 
they tend to remain constant for certain capacities, then increase or 
step up to a higher figure at a higher level of capacity. Assume that a 
textile mill has five foremen in its weaving division, A degree of 
flexibility in organization exists which enables it to adjust volume 
without increasing or decreasing variable expenses proportionately. 
Five foremen will be needed whether volume remains stationary, 


semi-variable. 7 | 
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decreases slightly, or increases slightly. An expense of this type is- 
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For example, a plant may incur during normal operations total costs of 


$100,000, of which $24,000 may be fixed and the remainder variable and semi- 


variable, as indicated in the following table: 


PERCENTAGE OF FIXED SEMI- 
PrLanrt Capaciry Costs VARIABLE VARIABLE Tora 
0 $24,000 $ 500 | $ — $24,500 
25 24,000 4,000 16,000 44,000 
50 24,000 7,000 32,000 63,000 
15 24,000 9,600 48,000 81,600 
100 24,000 12,000 64,000 100,000 


In preparing the chart, we find it immaterial whether fixed, semi- 
variable, or variable costs are represented by the lower line. The 
points should be so plotted that at any given capacity the total costs 
are properly represented on the chart. Often the sales line is repre- 


sented as a third-degree curve. The sales price per unit would depend 


upon the volume available for sale. The smaller the volume, the 
greater the sales price which could be obtained per unit of product; 
as the volume increased, additional units would have to be sold at 


_ reduced prices. If each unit of product, regardless of volume, could 


be sold at the same price per unit the sales line on the break-even 
chart would always be a straight line. 


TEST YOUR KNOWLEDGE OF BREAK-EVEN POINTS AND CHARTS 


9 The Chemo Company is operating at normal capacity and sales amount to 
$800,000 at its present rate of operations. Fixed costs total $360,000, 
variable costs total $400,000, and a profit of $40,000 has been obtained. 
Due to a shortage of skilled labor, the company finds it necessary to 
curtail operations. Assuming no change in sales prices per unit, prepare 
a statement showing the sales volume required in order to break even. 
Prove your figures. 


10 The Directors of the Chemo Company have analyzed the solution sub- 
mitted to them in problem 9. They have come to the conclusion that 
they are justified in increasing the sales price per unit of product by 20%. 
It is not believed that this increase in price will result in any drop in 
volume. Prepare a break-even chart. At what capacity will the company 
have to operate, according to your solution, in order to break even? 


11 The sales volume of the Genteel Company, manufacturers of nail polish 


remover, totals $320,000. Fixed costs aggregate $192,000, and variable 
costs total $160,000, resulting in a loss of $35,000. Prepare a statement 
showing (in terms of present capacity) the capacity at which the com- 
pany must operate in order to break even. (Hint: Add the loss to the 
fixed costs to determine the total amounts to be covered by the per- 
centage of the sales dollar available for fixed expenses.) Prove your 
answer. 


12 Prepare a break-even chart for the Genteel Company. Assuming an 
increase of 20% in sales price without any corresponding increases in 
fixed or variable costs, or reduction in volume, determine the capacity 
at which the company would have to operate in order to break even on 
the basis of the proposed 20% increase in sales revenues. 
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EXECUTIVES’| Many corporations have devised wage-incentive 
BONUSES systems to spur employees to greater productivity. 
Many of these systems are very simple, but others 

are complicated. If the wage-incentive plan has been carefully pre- 
pared, the workmen usually understand the method of operation and 
are able to calculate the premium or bonus to which they are entitled 
as a result of increased effort and productivity. Foremen often share 
in these bonuses and as a result are desirous that the workmen perform 
efficiently and keep defective output at a minimum. This policy of 
offering incentives often extends to the top, or “key’’, executives. 
Many of them receive, in addition to their salaries, a percentage of 


the profits. Since profits cannot be determined until provision has. 


been made for all expenses, the calculation of the bonus or premium 
to which an executive is entitled must be determined mathematically. 


Illustrative Problem 


Let us assume that the Lektrik Company has a contract with its 
sales manager whereby he is to receive, in addition to his salary, a 


bonus of 7% of the net profits after the deduction is made for federal. 


income taxes. For the purpose of the problem, assume that the 
corporation must pay a federal income tax of 40% of net profits. The 
federal income tax is not deductible in arriving at the net profits on 
which the tax is payable. If the net profit before deducting either the 
=- bonus or the federal income taxes totals $125,000.00, how much is 
due the sales manager, as a bonus? 


Let X= bonus to be paid 
and =federal income tax. 


Then X=7% ($125,000.00— X-F), 
:  F=40% ($125,000.00—X). 
Substituting for F in a, we have | 
X=T7% [($125,000.00 —X) —40% ($125,000.00 —_X)] = $5,038.39. 


The sales manager would be entitled to receive a bonus of $5,038.39 


T D 


Proof 
Net profit before bonus and taxes $125,000.00 
Less: Bonus 5,038.39 
Net profit on which federal income tax is payable $119,961.61 
Less: Federal income tax @ 40% 47,984.65 
Net profit on which bonus is payable $ 71,976.96 
Bonus (@ 7%) : : $ 5,038.39 


To carry the illustration one step further, let us assume that the 
assistant sales manager is also placed on a profit-sharing basis and 
that he is to receive 5% of the net profits after taxes, but before any 
deduction is made for his bonus. No change is. to be made in the 
bonus percentage to be paid to the sales manager. For the purpose of 
the problem, assume a net profit before taxes and bonuses of $125,000 
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and a federal income tax rate of 40%. (Bonuses are deductible in 
obtaining net profit subject to federal income taxes.) 
Let X = bonus of sales manager, 

Y= bonus of assistant sales manager, 

F'= federal income tax. 


Ta X=7% ($125,000.00=X—Y—F) a 
Y=5% ($125,000.00—-X —F) b 
F=40% ($125,000.00—X—Y). co 


a for F in a and b, we have 
=7% [$125,000. OXLEY 40% ($125,000.00 —X — YJ), d 
vo 5% S108, 000.00 —X— 40% ($125, 000.00 — X= YaN: 


Clearing each of the above, first for X: 


X =T% ($125, 000.00- X=- Ý — $50,000.00 -+-0. 410X +0.40Y ) 
X = $5,250.00 — 0.042 X —0.042Y 
1.042X+0.042Y = $5,200.00 3 e 
Clearing for Y: 
Y= ae ($125,000.00 — X — $50,000 ee 40.X-+0.40Y) 
3,7 


.00 —0.03X +0.02 Y 
0.98Y +0.03 X =$3,750.00 f 
Clearing ao e and f of decimals, | | 
Y = $3,676.83 X =$4,890.19 F=$46,573.19 
| Proof 
SALES MANAGER’sS ASSISTANT SALES F Ta 
Bonus MANAGER’s Bonus EDERAL ies 
Net income before deductions $125,000.00 $125,000.00 — $125,000.00 
Less: | 
| Sales manager’s bonus $ 4,890.19 $ 4,890.19 $ 4,890.19 | 
Assistant sales manager’s bonus 3,676.83 . — 3,676.83 
Federal income tax 46,573.19 46,573.19 — 
Total deductions $ 55,140.21 $ 51,463.38 $. 8,567.02 
Net income $ 69,859.79 $ 73,536.62 $116,432.98 
Sales manager’s 7% bonus $ 4,890.19 
Assistant sales manager’s 
5% bonus : $ 3,676.83 
Federal tax (40%) $ 46,573.19 


TEST YOUR KNOWLEDGE OF EXECUTIVES’ BONUSES 


13 The president of The Iredel Company has a contract with the company 
which entitles him to a salary of $12,000 per year and a bonus of 5% 
of the net profits remaining after the payment of income taxes. If the net 
income of the company before bonus and taxes totals $250,000 and the 
federal tax rate is 40%, what is the amount of the president’ s bonus? 

14 The president of The Iredel Company has an option clause in his contract 
which permits him to take 8% of the net profits before the deduction for 
income tax. Under the option, his salary is to be regarded as an advance 
made on account of his bonus. Would the president be wise in exercising 
the option? Indicate the amount he would lose or gain by exercising 
the option. 


15 The president and the vice president of The Jewal Company are entitled 


to bonuses of 8% and 5%, respectively, of net profits before any deduc- 
tions for income taxes. The bonuses are to be deducted for the purpose of | 


y 
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ascertaining net profits available for bonus computations. To what amount 


is each officer entitled if the profits before bonuses and taxes totaled $100,000? 


-~ CONSOLIDATED | Corporation officials often employ excess work- 
«STATEMENTS. | 108 capital in acquiring the stocks of companies 
in which they would like to exercise some 


measure of control. A policy looking toward ultimate control of the 


activities of other corporations is often followed, and shares of stock are 


acquired at market prices. If over 50% of the stock of another com- 
pany is obtained, the company making the investment may consolidate 


the assets and liabilities of the company in which it has secured a - 
dominant interest with its own assets and liabilities. Like assets of - 


both companies are added and the same procedure is followed. for the 
liabilities. The investment in the stock of the company known as the 
subsidiary is carried as an asset upon the books of the company which 
acquired the stock as an investment. The latter company is known 
as the parent company in the consolidation. It is evident that, if the 
assets and liabilities of both companies are to be combined, the stock 


ownership of the parent company in the subsidiary must be offset 


against the capital stock and surplus of the subsidiary. Assume that 
Company X acquired 80% of the stock of Company Y at the time 


when Company Y’s stock was worth $120 per share according to its 


books. Immediately upon the acquisition of this stock, the balance 
sheets of each company showed the following condition: 


Company DG 
ASSETS LIABILITIES AND CAPITAL 
Fixed assets : $100,000 Fixed liabilities $ 20,000 
Current assets 100,000 Current liabilities - ` 30,000 
- Investment in Company Y Capital stock, 2,000 shares 
(800 shares) 96,000 (par, $100 per share) 200,000 
3 | Surplus | 46,000 
Total assets $296,000 Total liabilities and capital $296,000 
Company Y 
ASSETS LIABILITIES AND CAPITAL | 
: Fixed assets $ 80,000 Fixed liabilities $ 50,000 
Current assets 3 130,000 Current liabilities | 40,000 
Capital stock, 1,000 shares- 
(par, $100 per share) 100,000 
Surplus - 20,000 ` 
Total assets $210,000 Total liabilities and capital $210,000 


In combining the balance sheets of both companies, we cancel out 
the investment of $96,000 in the stock of Y upon the books of X against 
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$80,000 of the capital stock of Y and $16, 000 0 of ‘hs r of Y. The 
consolidated balance sheet is prepared as follows: 





Xx y ELIMI- Goncoumures 
ASSETS NATIONS BALANCE SHEET 
Fixed assets $100,000 $ 80,000 $180,000 
Current assets - 100,000 130,000 230,000 
Investmentin Y . | __ 96,000 a ; $ 96,000* ae 
Total $296,000 $210,000 $ 96,000 - $410,000 
| LIABILITIES 3 
Fixed liabilities $ 20,000 $ 50,000 70,000 
Current liabilities 30,000 40,000 70,000 
Capital stock 200,000 100,000 $ 80,000* 220,000 f 
Surplus 46,000 20,000 16,000* 50,000 F 
Total $296,000 $210,000 $ 96,000 $410,000 


The preparation of a consolidated balance sheet in practice is much 
more difficult than the one shown in the above illustration. It is 
customary to indicate the value of the capital stock and the share of 
the surplus applicable to the minority interest. 

If the company which is controlled owns some of the stock of the 
controlling company, the apportionment of the minority interest in 


-the surplus and earnings is exceedingly complicated. 


Illustrative Problem 


Companies A, B, ‘and C are affiliated companies. An examination of 
the books and records shows the following ownership: 


Company A owns 40% of the stock of B, and 60% of the stock of C; Company B owns 
20% of the stock of A, and 30% of the stock of C; Company C owns 10% of the stock of A, 
40% of the stock of B, and 10% of the stock of G 


'Company A controls Company C through the ownership of 60% of 
its stock. This enables it to control Company B, since it owns 40% of 
Company B stock and can vote the 40% of the stock of Company B 
which is owned by Company C. Twenty per cent (20%) of B stock is 
held by minority shareholders. The ten per cent (10%) of C’s stock not 
owned by Companies A and B had been issued and was subsequently 
re-acquired by Company C in settlement of a debt. Itis now held as 
an asset by C. Stocks purchased are carried upon the books of each 
company at original cost to them. : 

The assets of each company are shown on page 1084, as of December 
31, 1943. Assume that no liabilities exist. 


* The item of $96,000 eliminated from the assets is offset by $80,000 of capital stock of Y and $16,000 of 


the surplus of Y. Company X paid $96,000 for an 80% interest in Y and we must eliminate 80% of the capital ` 


stock of Y and 80% of the surplus of Y. 


ae + The capital stock and surplus extended to the conoid ted balance sheet columns may be analyzed as! 
ollows: 
Capital stock: 
Majority interest - $200,000 





Minority interest in Y 20,000 $220,000 
Surplus: . 

Majority interest $ 46,000 

Minority interest in Y 4,000 50,000 











Total capital and surplus $270,000 




















ERACTICAL MATHEMATICS 











, A B- C 
İnvestment in stock of A — $ 10,000 $ 6,000 
Investment in stock of B | $ 20,000 oo 24,000 
Investment in stock of C 25,000: 15,000 ,000 

- Other assets 105,000 125,000 115,000 
Total assets : $150,000 $150,000 $150,000 . 























Capital* (consisting of capital stock and surplus) $150,000 $150,000 $150,000 





: Required: A statement allocating the assets of each company to the 
shareholders. of the stock including the minority shareholders of Com- 
pany B. 

Lo Solution 


The 10% of Company C stock owned by Company C should be subtracted 
from the 100% of its stock. Company A owns 60% of the 90% outstanding 


(or =) and Company B owns 30% or 5): 
et X =net worth of Company A, 


Y=net worth of Company B, 
Z=net worth of Company C. 


Then — X=$105,000.00+40% Y+ £Z a 
| Y =$125,000.00-+-20% X+ - b 
Z=$115,000.00+10%X+40%Y c 
15X =$1,575,000.00+6Y +10Z d 
15Y =$1,875,000.00+3X+5Z e 
10Z =$1,150,000.00-+ X +4Y f 
Adding d and f, s 

14X —10Y =$2,725,000.00 g 

Multiplying e by 2 and subtracting d from the result, 
E —21X+36Y = $2,175,000.00 h 
Solving for X and Y in g and h, by adding ; of equation g to g and adding toh 


: Y =$298,214.28 | X =$407,653.06 
Substituting values for X and Y in c and solving for Z, 
Z=$275,051.02. 


PERCENTAGE OF _ VALUE or Net Assets 
Ner WORTH OF STOCK OWNED BY ASSIGNABLE TO 
OUTSIDERS OUTSIDE SHAREHOLDERS 
AS ej $407,653.06 Š 10% $285,357.14 
B 298,214.28 | 20% 59,642.86 
C 275,051.02 ra None | None © 
Total of assets +» $345,000.00 





* It has been demonstrated that the capital or net worth of a business enterprise is equal to the difference 
between the assets and liabilities. The equation used was ; 
assets — liabilities =capital. 
If no liabilities are owing, then the equation will read i 
; assets =capital. i 
In the illustration, the capital of each company will be the same as the assets of each company. - 
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REVISED BALANCE SHEETS AS OF DECEMBER 31, 1943 


(After giving effect to revision of values of securities owned) 


A B C 
Investment in stock of A © — $ 81,530.61 $ 40,765.31 
Investment in stock of B $119,285.71 — 119,285.71 
Investment in stock of C 183,367.35 91,683.67 — 
Other assets 105,000.00 125,000.00 115,000.00 
Total assets $407,653.06 $298,214.28 $275,051.02 
Net worth $407,653.06 $298,214.28 $275,051.02 


TEST YOUR KNOWLEDGE OF CONSOLIDATED STATEMENTS | 


The Conso Corporation owns a subsidiary through 100% stock owner- 
ship. The assets and liabilities of each company are shown below: 


Conso CORPORATION SUBSIDIARY 
Sundry assets $150,000 $100,000 
- Invested in stock of subsidiary 3 — 
$225,000 $100,000- 
Sundry liabilities $ 15,000 $ 25,000 
Capital stock 200,000 75,000 
Surplus 10,000 — 
$225,000 $100,000 





In preparing a consolidated balance sheet, what items will you eliminate? 


17 Assume that $75,000 represented an 80% interest in capital and surplus of 


18 
19 
20 


21 


the subsidiary at the time of purchase. If the Conso Corporation paid 
exact book value, what amount of surplus must have appeared upon the 
books of the subsidiary at the time the 80% interest was purchased? 
Assume the same facts as shown in problem 17. What value should be 
placed on the minority interest? 

Assume the same facts as in problem 17. What value should be placed 
on the majority interest in surplus? 

The Boards of Directors of the Weld Metal Company and its affiliates, the 
Alloy Metal Company and the Bronze Weld Company, have asked 
their accountants to submit a statement showing the net worth of each 
company after giving effect to revisions in the value of securities of each 
affiliate owned by the others. The Weld Metal Company owns 70% of- 
the stock of the Alloy Metal Company and 40% of the stock of the 
Bronze Weld Company. The Alloy Company owns 30% of the stock of 
the Weld Metal Company and 30% of the stock of the Bronze Weld 
Company. The Bronze Weld Company owns 20% of the stock of the 
Weld Metal Company and 30% of the stock of the Alloy Metal Com- 


pany. Other assets of each company are as follows: 


Bronze Weld Company $100,000 
Alloy Metal Company 125,000 
Weld Metal Company 150,000 


There are no outstanding liabilities in any of the companies. Prepare 
a statement showing the net worth of each company. The 30% of the 
stock of the Bronze Weld Company not owned by Alloy or Weld Metal 
represents a minority interest, and the 50% of the Weld Metal stock not 
owned by the Bronze Weld Company or the Alloy Metal Company 
represents the controlling interest. 

Prepare a statement showing the division of the assets of the companies in 


problem 20 among the outside shareholders. 
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INTERDEPENDENT STATE | Among the many taxes paid by a 
AND FEDERAL TAXES corporation are taxes levied on net 
: income. Many corporations find 


that, in addition to paying federal income taxes, it is necessary to pay 
State income taxes. In determining the amount of income which is 
subject to the State income tax, a corporation under the laws of some of 


the States may deduct the federal income tax but not the State tax to 


be paid. In other cases, the State law allows the corporation to deduct 
not only the federal tax but also the State income tax before calcu- 
lating the State tax. The State income tax is always allowed as a 
deduction in determining the net income subject to the federal income 
tax. The deductions to be made before determining income subject to 
taxes are shown in the following summary in those cases in which State 
and federal taxes are deductible before determining the State tax. 


INCOME SUBJECT TO 





: FEDERAL TAXES STATE TAXES 
Net income before deduction of income taxes $xx,xxx OXX,XXX 
Less: 
State tax on income XX xx 
_. Federal tax on income — XxX": 
Income subject to federal income tax XXX 
Income subject to State income tax XX 


The interdependent relationship of State and federal income taxes 
is evident from the above summary. The federal income tax cannot be 
determined until the State income tax, which is deductible on the 
federal return, is known. However, the State income tax cannot be 
obtained unless the net income subject to the tax is known. In calcu- 
lating this income, the federal and State tax is deductible. The amount 
cf each tax can be secured through the use of an algebraic formula. 


Lllustrative Problem 


Assume that a corporation is subject to a federal income tax of 40% 
and a State income tax of 5%. The net income before deducting any of 
these taxes is $100,000. What is the amount of the federal tax which 
must be paid? What is the amount of the tax to be paid to the State? 


Let X = federal tax 
Y=State tax. | : 
Then X =0.40 ($100,000.00 — Y) a 
Y =0.05 ($100,000.00 —X— Y) af b 
X = $40,000.00 —0.40Y 
0.40 Y = $40,000.00 —X Se 
Multiplying c by 2.5, . 
P Y= 8100.000.00—2.5X cet : d 


Substituting in b, 


X = $38,834.95 (federal tax) e- 


Substituting for X in d, | 
Y =$2,912.62 (State tax) 
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Proof 
FEDERAL Tax RETURN Srate Tax RETURN 

Net income before deducting Net income before deducting 
State tax $100,000.00 taxes $106,000.00 

Less: State tax ae 2,912.62 Less: Federal.tax $38,834.95 
Net income subject ee State tax 2,912.62 41,747.57 
to federal tax $ 97,087.38 Net income subject © 
= Federal tax at 40% $ 38,834.95 to State tax $58,252.43 
Wa tg ae oe OEALE CARR At O79 $ 2,912.62 


These calculations are illustrative only and would apply only to a 


corporation subject to a federal income tax of 40% and a State income 


tax of 5%, provided both taxes were deductible on the State return. 


If the income subject to the State income tax is calculated in a. 


different manner than the income subject to the federal income tax, 
adjustments of the formulae will have to be made. If a corporation is 
subject to other federal taxes, such as the excess profits tax and the 
declared value excess profits tax, the State and federal taxes may be 
determined by the “trial and error” method, or by more elaborate 
formulae. Accountants have prepared tables of composite rates to be 


used in those cases in which corporations are subject to numerous ` 


federal taxes. | 


TEST YOUR KNOWLEDGE OF INTERDEPENDENT STATE AND FEDERAL TAXES ` 


22 Assume that a corporation has a net income of $80,000 before deducting 
federal and State taxes. The federal rate is 40% and the State rate is 
6%. The State tax is deductible on the federal return before calculating 
the federal tax. The federal and State taxes are deductible on the State 
return for the purpose of the State tax. What is the amount of the State 
tax to be paid? | 


23 Assume that the State tax is deductible on both the federal and State 
return, and that the federal tax is not deductible for purposes of the 
State return. What is the amount of the federal income tax for the cor- 
poration mentioned in problem 22? 


24 Assume that $30,000 of the $80,000 income of the corporation mentioned in 
problems 22 and 23 was earned in an adjacent State and is not subject to 
the State tax rate of 6%. The federal and State taxes are deductible in 
determining the net income subject to State tax. The State tax is deduct- 
ible in determining the net income subject to the federal tax. Calculate 
the federal tax and the State tax, assuming rates of 40% and 6%, re- 
spectively. | : 


25 The president of the Logan Company has a contract with it under which 
he receives 10% of the net profits as a bonus. The company is subject to 
a State income tax of 5% and a federal tax of 40%. The State tax and 
the bonus are deductible in determining profits subject to federal taxes. 
The bonus, the State tax, and the federal tax are deductible for purposes 


of the State tax. If profits before deducting these totaled $200,000, r 


determine the federal tax. Prove your answer. 


i r 











Answers achieved by readers may differ by a cent or two in some instances if different tables or different 
methods of calculation are employed. Such discrepancies, since they are minor, should not be a cause of concern. 


MATHEMATICAL BASIS 
OF ACCOUNTING 


1 $11,100 2 $15,000. 3 $45,000 4 $5,828,000 
5 $5,200 6 $2,969 7 $11,955 
8 $279,802 9 $1,311,000 10 $12,000 
Li $17,000 12 J., $19,500; G., $14,500 
13 (a) $155,000; (b) $135,000 14 Prof., $5,000 
: 15 $8,000 16 $54,000 17 Loss, $2,000 
18 (a) $64,500. (b) $239,500 
19 CASH ACCRUAL 
BASIS BASIS 
Profit $3,870 $4,487 
Net worth $9,120 $9,737 
20 $2,021 23 $40.34, $107.73 24 Radio A 
25 $3.00 26 $22.50 27 $13.56 
28 $12.47 _ 29 $20.19 30 $39.57 
31 $39.03 -. 32 $12.00 33 $2.37 
34 $13.77 "35 $571.51 36 $563.68 
37 (a) $64.91 (b) $63.70 (c) $64.02 
38 2.5 yr.. 39 3.5% 40 18 yr., 2 mo., 55 d. 
41 $16.96 42 Gain, $16.63 43 $5,022.50 
44 $1,529.06 45 (a) $51.61 (b) No 
46 $603.38 47 Yes -48 A, $5,850; B, $4,410 
49 $1,485.95 50 20 yr. 51 6% 
52 $2,654.57 53 $11,925.69 54 $5,485.57 
55 $50,001.50 56 (a) $404.00 (b) $824.32 
57 $14,100 58 $10,500 59 $54,800 
60 $450 61 $3,000 
62 N.W., $37,775; N.P., $3,975 
63 $3,990.93 64 $160.20 


65 (a) $1,250,455.14 (b) $1,245,423,53 (c) $49,968.39 
66 $90,199.78 67 (a) $372.05 . (b) $2,872.05 
68 4.5014% 69 $155,265.70 70 $2,833.39 
71. (a) $1,888.93 (b) $1,943.40 
72 (a) $944.46 (b) $889.99 
73 $110.01 74 $11,854.90 75 $4,858.49 
76 Amount, $1,012.50; rate, 20.25% 
77 $1,962.50 78 (a) $1,150 (b) $95.83 (c) $5,675 
79 (a) $8,000 (b) Loss, $8,000 (c) $500 
80 Loss, $235 81 (a) $4,000 (b) $8,000 82 7.6% 
83 (a) $1,500 (b) $735 (c) $360.15 (d) $840.35 
84 (a) $938.04 (b) $503.32 (c) $322.12 
85 25 yr. 86 11.25% 87 28.6% 
88 $19,995.50 89 (a) Truck2 (b) $45.20 
90 86 : Dı =$414.59; 87 : $626.69; 89(b) : $53.83 
"91 Di =71.554; De =75.13 
92 86 : Dı =$99.8822; D2 =$103.8775; 
87 : Dı =$435.6566; D2 =$453.0828; 89(b):$38.80 
93 (a) $340 . (b) $290 94 5 
95 $491.07 96 Zllus.: $939.73; 95 : $548.56 
97 $2,378.57; $1,889.61; $2,470.45; $1,983.62 
98 $66,811.42 99. $4,005,757.4 
- 100 $11,110,188.11 


ANALYSIS AND INTERPRETATION 


1 $1,237,000. 2 C.A. 93.3 C.L. 26.7 

R A E IN DA 67.1 

D.C 1.5- N.W. 6.2 
E OA 2] 

100.0 ` 100.0 


3 No significant change 


4 Cost of goods sold 92.48 Other income 0.02 


Other op. expen. 
Dividends 0.41 
5 Loss, 1% 


1.06 Other expen. 
6 Dividends, $7089.30 


0.09 


Balance to surplus, $16,069.08 
8 Latter 


9 (a) 50% (b) 20% (c) 150% (d) 800% (e) 665% 


7 (a) 0.0368 (b) 2.26 (c) 0.262 


10 Reduce from 200% to 1664% 


11 62.8 (b) 342.4 2 ; 
13 i. (b) o 12 (a) 58.06 (b) 55 (c) 55 


14 "40 "41 "42 
J 110.1 146.2 172/25 
K 128.4 113.5 134.3 
Le 126.4 145.4 138.0 
15 739 "40 "42 
J 68.5 715.3 118.0 
:. K 88.1 113:1 118.3 
L 69.1 87.3 95.3 
16 "41 "4.2 
Cash 90.8 93.1 
Securities 100.7 12471 
Receivables 106.7 46.5 
Inventories 86.2 118.1 
17C Ai CE. 200.5. N.E. : N.S. 
(CALE : C.L.. 86.7 Div. : N.S. 
CASETA, 73.5 NS ERE 
N.W. : F.A 180.3 N:S T: 
NWS TE 84.5 N.S. : F.A. 
O.E.: N.S 90.4 N.S. : N.W. 
18 97.7 19 103.5 


20 (a) Application (f) Source 
Others—neither 


SPECIALIZED PROBLEMS 


1 to 4 Net decrease, $6,000 


(In computations, 000’s omitted) 


1 (8+2)—-(1.242.8) =6 
Pest 24 

2 (27; +73+15) -3026 

3 (17 +3.2+0.3)—14.5=6 

4 (5+4) — (2+1) =6 


5 No; decr. net prof., $11,600 
6 Yes; incr. net prof., $30,500 


7 (a) Profit, $72,200 (b) Profit, $75,800 


8 40,988 units 


9 $720,000 


10 64 to 65% (Sales volume required, $514,285) 


11 140% (Sales volume, $448,000) 
12 85 to 86% 
14 Gain, $125.85 


13 $7,281.55 


15 Pres., $7,079.65; V.P., $4,424.78 


16 Investment; capital stock 
17 $18,750 18 $15,000 


B.W., $327,490.77 
21 W.M., 50% $276,752.77 
B.W., 30% 98,247.23 
Total $375,000.00 

22 $2,779.92 


25 $73,394.50 


19 $10,000 
20 W.M., $553,505.53; A.M., $389,298.89; 


23 $30,188.68 
24 Fed., $31,583.01; State, $1,042.47 
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With 1,000 Key Problems Covering en Basic 
Use of Mathematical Principles 


eu, UNIQUE FEATURE—At great expense all the 128 pages of this WORK BOOK have been 
scored and punched with holes so that, if. desired, they may be easily transferred to any 


. standard loose-leaf binder. You may add to such a loose-leaf binder the sheets on which 
you work out the solutions to the problems contained in the Course, and thus preserve 
all your solutions in a single binder for future reference. 


Offered by our MEMBERS’ SERVICE DEPARTMENT Exclusively 
to Members Enrolled in the Practical Mathematics Course 


THIS Work Book contains 1,000 key brobleee! 
covering every basic principle in your Practical 


Méhemaiie Course—and provides ample space in 
`< which to work out your answers. By. preserving your 


computation records in this way, you are getting the 


_ maximum value out of your self-instruction. No matter 
‘what problem may come up, you will be able to meet 


it with the ‘utmost confidence—for you have already 


-solved one just like it, and merely need to follow the 


same formula to master it quickly and successfully. 


-. Of course you can do all of these problems. on 
scratch paper, but you would find it difficult to keep 
| loose sheets of paper in convenient order. Many of 
them might become mislaid or even lost. The WORK 


BOOK is the ideal answer—for you have a complete 


‘and permanent record of how to work each problem 
Hight alongside the problem itself! 


| The large 8 x 11 inch page size permits the fullest 


edil in working out the solution of the problems. 
Where the problem calls for diagrammatic repre- 


sentation, the work page reproduces the necessary 


` : graph section. In the back of the book, for your con- 
=- venience, you will find full-page reproductions of 
eae decimal, logarithmic, and polar graphs: 


No Duplication of Problems 
in the Course! 


All of be fndamental problems in the WORK BOOK 


are taken from shop or office, laboratory or battle 


enfront, They are broken into sections to correspond to 

| ~ the subjects of the Course, and appear in the same — 

order. They do not duplicate any of the problems i in 

eante Course, thus providing you with the valuable 
oe extra Practice that makes for gick mastery! > 


only 


Shop Problems from 
Working Blueprints 


Many of the shop problems are. 
taken from. actual working blue- 
prints involving drill plates, gears, 
tools, spot-welding fixtures, etc. 


In every subject, from Arithmetic and Algebra to 





Calculus and Differential Equations, the Practical < 


Applications that you study and work out in your. 
WORK BOOK will enlarge your experience and 
strengthen your analytical powers. 


At the end of the Work Book the answers for all — 
problems are given, with comments on points to watch 


for to avoid errors. 


MAIL THIS COUPON OR A COPY OF 


IT ON YOUR OWN STATIONERY 


NATIONAL EDUCATIONAL ALLIANCE, INC. 
37 West 47. St., New York 19, N. Y. 


Please send me a copy of the Practical Mathea 
lems covering every basic use of Mathematics; 


with space for solutions, and answers to all the r 
problems. f enclose $1.00. 
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WOULDN'T you like ło own this remarkably useful man-size TASTAN 
| j bi Fe J W WORK BOOK that brings you about 1,000 KEY PROBLEMS = i 
nvqivanie or i covering every basic principle in your Practical Mathematics Course— - Lene 

Ready Reference t = provides ARE space in which to do all your figuring and cal- = } 
g culating in working out the answers? This is a real convenience that- ees 
When You En- ® you will appreciate at every step of the Course. And it will havea a 
? counter Similar f permanent value, for it will provide for you in one compact place i | 
; Problems in Ace l the actual methods of solution that you yourself have used in every 
ce) ENNA pass Sa fundamental type of problem. You can immediately refer to this record ae a: 
See tual Work In ff when you come across similar problems in the. work you are now 
é Ses Shop er Field — d doing, or may be called upon to do in`the future. ee 
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